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Sources of Vegetable Seeds 
Seed 
Code Seed Company Name and Address 
AC Abbott and Cobb, Inc., PO Box 307, Feasterville, PA 19053-0307; 
(800) 345-SEED; www.abbottcobb.com 
ADV Advanta/Pacific Seeds, PO Box 337, 268 Anzac Ave., Toowooma, Queensland, 
Australia 4350; www.pacificseeds.com 
AGH Agrohaitai, PO Box 45, 2764 Hwy 99 (Governor's Road), Lynden, Ontario L0R 
1T0, Canada; (519) 647-2280; www.agrohaitai.com 
AT American Takii, Inc., 301 Natividad Road, Salinas, CA 93906; (831) 443-4901; 
www.takii.com 
BC Baker Creek Heirloom Seed Co., 2278 Baker Creek Road, Mansfield, MO 
65704; (417) 924-8917; rareseeds.com 
Bas Basso Seeds, Avenida Monteverde 3390, (B1852WAB) Burzaco, Buenos Aires, 
Argentina; (54-11) 4299 0880; Fax: (54-11) 4238 3527; www.basso-ar.com 
BE Bejo Seeds, Inc., P.O. Box 859, Oceano, CA 93475; (805) 473-2199; Fax: (805) 
473-0897; www.bejoseeds.com 
BHN BHN Seed, PO Box 3267 Immokalee, FL 34143; (239) 352-1100; 
Fax: (239) 352-1565; www.bhnseed.com 
BU W. Atlee Burpee & Co., 300 Park Ave., Warminster, PA 18974; 
(800) 888-1447; www.burpee.com 
CF Clifton Seed Co., 2586 NC 403 West, PO Box 206, Faison, NC 28341; 
(800) 231-9359; www.cliftonseed.com 
CO The Cook’s Garden, PO Box C5030, Warminster, PA 18974-0574; 
(800) 457-9703; www.cooksgarden.com 
CN Corona Seeds, Inc., 590-F Constitution Ave., Camarillo, CA 93012; 
(805) 388-2555; Fax: (805) 445-8344; www.coronaseeds.com 
CR Crookham Co., PO Box 520, Caldwell, ID 83606-0520; (208) 459-7451; 
Fax: (208) 454-2108; www.crookham.com 
CP CropTech Seeds, 1220 Willow Street, Vincennes, IN 47591; (812) 882-0210 
DP DP Seeds, LLC., 8269 E. US Highway 95, Yuma, AZ 85365; (928) 341-8494; 
dpseeds.com 
DVG Dutch Valley Growers, Inc., 4067 E. 4000 N. Road, Bourbonnais, IL 60914; 
www.dutchvalleygrowers.com 




Continued on next page 
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Seed 
Code Seed Company Name and Address 
EW East-West Seed International Ltd., No. 50/1 Moo 2, Sainoi-Bang Bua Thong 
Road, Amphur Sainoi, Nonthaburi 11150, Thailand; +66 (02) 831 7700; 
www.eastwestseed.com 
EX Express Seed, 51051 US Highway 20, Oberlin, OH 44074; (800) 221-3838; 
Fax: (440) 774-2728; www.expressseed.com 
EZ Enza Zaden USA, Inc., 7 Harris Place, Salinas, CA 93901; (831) 754-2300; 
Fax (831) 754-2975; www.enzazaden.com 
GU Gurney’s Seed and Nursery Co., PO Box 4178, Greendale, IN 47025-4178; 
(513) 354-1492; Fax: (513) 354-1493; www.gurneys.com 
HARC Hawaiian Agriculture Research, PO Box 100, Kunia, HI 96759; 
(808) 621-1350; Fax: (808) 621-1399; harc-hspa.com  
HM HM Clause, Inc. (Fomerly Harris Moran Seed Company), 260 Cousteau Place, 
Suite 100, Davis, CA 95618; (800) 320-4672; hmclause.com 
HR/H Harris Seeds, 335 Paul Road, PO Box 24966, Rochester, NY 14692-0966; 
(800) 544-7938; Fax: (877) 892-9197; www.harrisseeds.com 
HMS High Mowing Organic Seeds, 76 Quarry Road, Wolcott, VT 05680; 
(802) 472-6174; www.highmowingseeds.com 
HI Highmark Seed Company, 5313 Woodrow Lane, Hahira, GA 31632; 
(229) 561-4545 
HL Hollar & Co., Inc., PO Box 106, Rocky Ford, CO 81067; (719) 254-7411; 
Fax: (719) 254-3539; www.hollarseeds.com 
HO Holmes Seed Co., 2125-46th St. N.W., Canton, OH 44709; (330) 492-0123; 
Fax: (877) 492-0167; www.holmesseed.com 
HZ Hazera Seed, Inc., 6601 Lyons Road, Suite H-10, Coconut Creek, FL 33073; 
(954) 429-9445; Fax: (954) 429-9895; www.hazerainc.com  
IFSI Illinois Foundation Seeds, Inc., 1083 County Road 900 N., Tolono, IL 61880; 
(217) 485-6260; www.seedgenetics.com 
J Jordan Seeds, Inc., 6400 Upper Afton Road, Woodbury, MN 55125-1446; 
(651) 738-3422; www.jordanseeds.com 
JS Johnny’s Selected Seeds, PO Box 299, Waterville, Maine 04903; 
(877) 564-6697; Fax: (800) 738-6314; www.johnnyseeds.com 
JO Jones Farms, 7094 Honeysuckle Lane, Bailey, NC 27807; 
Fax: (252) 235-0155; www.jonesfarmsnc.com 
JU J.W. Jung Seed Company, 335 S. High St., Randolph, WI 53956; 
(800) 297-3123; www.jungseed.com 
KTS Kitazawa Seed Company, 201 4th Street, #206, Oakland, CA 94607; 
(510) 595-1188; Fax: (510) 595-1860; www.kitazawaseed.com 
 
  Continued on next page 
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Seed 
Code Seed Company Name and Address 
KU Known-You Seed Co., LTD., No.114-6, Zhuliao Road, Dashu District, 
Kaohsiung 84043, Taiwan; www.knownyou.com 
LS Long & Sweet LLC, PO Box 502, 516 N. 5th St., Lafayette, IN 47902; 
(765) 420-9606 
MKS Mikado Kyowa Seed Co., Ltd., 15-13 Naneidai-cho, Shibuya-ku, Toyko, Japan; 
www.mikadokyowa.com 
MO Monsanto Company, 800 N. Lindbergh Blvd., St. Louis, MO 63167; 
(314) 694-1000; www.monsanto.com 
MCS Morgan County Seeds, 18761 Kelsay Road, Barnett, MO 65011-3009; (660) 
287-2400; Fax: (573) 378-2655; www.morgancountyseeds.com 
NDS New Dimension Seed, PO Box 1294, Scappoose, OR 97056; 
www.newdimensionseed.com 
NH/NU Nunhems Seed USA, Inc., 1200 Anderson Corner Road, Parma, ID 83660; 
(800) 733-9505; www.nunhemsusa.com 
NC North Carolina State University, 2016 Fanning Bridge Road, Fletcher, NC 
28732 
NMSU New Mexico State University Seed Certification, PO Box 30003, MSC 3LEY, 
Las Cruces, NM 88003-8003; (575) 646- 4139; Fax: (575) 646-8137; 
seedcertification.nmsu.edu  
NS New England Seed Co., 3580 Main St., Hartford, CT 06120; (800) 825-5477; 
Fax: (877) 229-8487; www.neseed.com 
NZ Hybrid Seed Company New Zealand Ltd., PO Box 8068, The Terrace, 
Wellington, New Zealand; www.hybridseed.co.nz  
OG Origene Seeds Ltd., PO 699, Rehovot, 76100, Israel; www.origeneseeds.com 
OR Orsetti Seed Co. Inc., 2300 Technology Parkway, Ste. 1, PO Box 2350, 
Hollister, CA 95024-2350; (831) 636-4822; Fax: (831) 636-4814; 
orsettiseeds.com 
OUT Outstanding Seed Company, LLC, PO Box 202, Monaca, PA 15061; 
(877) 248-4567; www.pumpkinvegetableorganicseeds.com 
P Pacific Seed Production Co., 94904 Highway 99 E., PO Box 85, Junction City, 
OR 97448; (800) 547-8004; www.forbesseed.com 
PA/PK Park Seed Co., 3507 Cokesbury Road, Hodges, SC 29653; (800) 845-3369; 
www.parkseed.com 
PC Plug Connection, 2627 Ramona Drive, Vista, California 92084; (760) 631-0992; 
Fax: (760) 940-1555; www.plugconnection.com 
PG The Pepper Gal, PO Box 23006, Fort Lauderdale, FL 33307; (954) 537-5540; 
www.peppergal.com 
  
Continued on next page 
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Seed 
Code Seed Company Name and Address 
PT Pinetree Garden Seeds, PO Box 300, New Gloucester, ME 04260; 
(207) 926-3400; www.superseeds.com 
PL Pure Line Seeds, Inc., PO Box 106, Lodi, WI 53555; (608) 592-7510; 
www.purelineseed.com 
PG Potato Garden, 12101 2135 Road, Austin CO 81410; (877) 313-7783; 
www.potatogarden.com 
PV Pop Vriend Seeds BV, PO Box 5, 1619 ZG Andijk, The Netherlands; 
+31 (22) 859-1462; www.popvriendseeds.com  
PVO Peaceful Valley Farm Supply, Inc., PO Box 2209, 125 Clydesdale Court, Grass 
Valley, CA 95945; (888) 784-1722; www.groworganic.com 
R Reed’s Seeds, 3334 N.Y.S. Rt. 215, Cortland, NY 13045-9440 
RM Reimer Seeds, PO Box 206, Saint Leonard, MD 20685-0206; 
Fax: (866) 716-4748; www.reimerseeds.com 
RI/RSP Rispens Seeds, Inc., 1357 Dutch American Way, PO Box 310, Beecher, IL 
60401; (888) 874-0241; www.rispensseeds.com 
RU Rupp Seeds, Inc., 17919 County Road B., Wauseon, OH 43567-9458; 
(800) 700-1199; www.ruppseeds.com 
SK/SAK Sakata Seed America, 18095 Serene Drive, Morgan Hill, CA 95037; 
(408) 778-7758; www.sakatavegetables.com 
SC Scott Seeds, 4876 N. Road H, Vale, OR 97918; (541) 473-3246; 
www.scottseed.com 
SfI Seeds of Italy, LTD, D2 Phoenix Business Centre, Rosslyn Crescent, Harrow, 
Middx, HA1 2SP; +02 (08) 427-5020; www.seedsofitaly.com; U.S. Distributor: 
Seeds from Italy, PO Box 3908, Lawrence, KS 66046; 
(785) 748-0959; www.growitalian.com 
S Seeds Trust, 5870 S. Long Lane, Littleton, CO 80121; (720) 335-3436; 
www.seedstrust.com 
SW/SDW Seedway, Inc., 99 Industrial Road, Elizabethtown, PA 17022; (800) 952-7333; 
Fax: (800) 645-2574; www.seedway.com 
SE, SM, 
Sem 
Seminis Inc., 2700 Camino Del Sol, Oxnard, CA 93030; (855) 733-3834; 
us.seminis.com 
SO Solar Seed Inc., 302 South Center St., Eustis, FL; (352) 357-5065 
SVR/SE Seneca Vegetable Research, 5267 Flat St., PO Box 128, Hall, NY 14463; 
(585) 526-7044; www.senecavegetable.com 
SR Shamrock Seed Company, Inc., 3 Harris Place, Salinas, CA 93901; 
(831) 771-1500; Fax: (831) 771-1517; www.miqul.com/shamrock 
SI/SG Siegers Seed Company, 13031 Reflections Drive, Holland, MI 49424; 
(800) 962-4999; Fax: (616) 994-0333; www.siegers.com 
  Continued on next page 
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Seed 
Code Seed Company Name and Address 
SWS Southwestern Vegetable Seed Co., LLC, PO Box 11449, Casa Grande, AZ 
85230; (520) 836-7595; Fax: (520) 836-0117 
ST Stokes Seeds, PO Box 548, Buffalo, NY 14240-0548; (800) 396-9238; 
Fax: (800) 272-5560; www.stokeseeds.com 
STE Steele Plant Company, LLC, PO Box 191, 202 Collins St., Gleason, TN 38229; 
(731) 648-5476; www.sweetpotatoplant.com 
SY/RG/ROG Syngenta, PO Box 4188, Boise, ID 83704-4188; (208) 322-7272; syngenta-
us.com/seeds/vegetables/ 
TN Tainong Seeds, Inc., 1341 Distribution Way, #23, Vista, CA 92081; 
(760) 598-2348; Fax: (760) 598-1378; www.tainongseeds.com 
TR Territorial Seed Company, PO Box 158, Cottage Grove, OR 97424; 
(800) 626-0866; Fax: (888) 657-3131; www.territorialseed.com 
TGS Tomato Growers Supply Co., PO Box 60015, Fort Myers, FL 33906; 
(888) 478-7333; Fax: 888-768-3476; www.tomatogrowers.com 
TT Totally Tomatoes, 334 W. Stroud St., Randolph, WI 53956; (800) 345-5977; 
www.totallytomato.com  
TW Twilley Seeds Co., Inc., 121 Gary Road, Hodges, SC 29653; (800) 622-7333; 
www.twilleyseed.com 
UG United Genetics, 8000 Fairview Road, Hollister, CA 95023; (831) 636-4882; 
Fax: (831) 636-4883; www.unitedgenetics.com 
UA US Agriseeds, 3424 Roberto Court, San Luis Obispo, CA 93401; 
(800) 675-1034; Fax: (805) 547-9395; www.usagriseeds.com 
US US Seedless, LLC, 325 E. Walnut St., Perkasie, PA 18944; (877) 332-7733; 
Fax: (877) 261-1378; www.usseedless.com 
VL Vilmorin Inc., 2551 N. Dragoon, 131, Tucson, AZ 85745; (520) 884-0011; 
Fax: (520) 884-5102; www.vilmorin.us  
WMK Wannamaker Seeds, Inc., PO Box 85, Saluda, NC 28773; (828) 749-3784; 
www.wannamakerseeds.com 
WI Willhite Seed, Inc., PO Box 23, Poolville, TX 76487-0023; (800) 828-1840; 
Fax: (817) 599-5843; www.willhiteseed.com 
WN Western Seed Americas Inc., 303 South Collins St., Plant City, FL 33563; 
(813) 759-6404 
WP Wood Prairie Farm, 49 Kinney Road, Bridgewater, ME 04735; (800) 829-9765; 
Fax: (800) 300-6494; www.woodprairie.com 
We would like to express our appreciation to the seed companies that provided seeds and support for these 
vegetable trials. 
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Evaluating Asian Vegetables in West Virginia 
Lewis W. Jett, Commercial Horticulture Extension Specialist, 
West Virginia University 2102 Agriculture Sciences Bld. 
Asian vegetables include a diverse group of vegetables with very unique colors, shapes, and 
flavors. Many Asian vegetables grow successfully in West Virginia and can be grown as early- 
or late-season crops. Asian greens include vegetables in the turnip family and cabbage family 
(Table 1). Napa cabbage is very easy to grow and is a perfect substitute for green cabbage. 
Suitable varieties of Napa cabbage include ‘Blues,’ Jade Pagoda,’ ‘Optiko,’ and ‘China Express.’ 
Pak choy or bok choi is a fast-growing green (45 days from seeding) and is used for a variety of 
dishes including braising mixes, stir fries, or salads. Mizuna is an Asian mustard with thin, white 
stems and fringed (red or green) leaves that is cold and heat tolerant and is an excellent salad 
green. Tatsoi is an Asian green that produces a cluster of spoon-shaped leaves. Tatsoi can be 
seeded throughout the summer and fall in West Virginia. A larger version of tatsoi with crinkled 
leaves is Yukina Savoy. Yukina Savoy has both heat and cold tolerance. Komatsuna is a mustard 
spinach that is grown in the fall since this plant grows best in cool weather. Senposai is a cross 
between green cabbage and komatsuna and is a relatively large plant that produces leaves with a 
sweet, mild flavor. Senposai is an excellent replacement for collards in the garden. 
   
Figure 1. Asian greens are a diverse group of leaf and head type vegetable crops. 
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Table 1. Some Asian vegetables that can be grown successfully in West Virginia.  
Variety DTHz Description 
Yukina Savoy 45 Similar to tatsoi but larger with dark green crinkled (savoy) leaves 
with good heat and cold tolerance. Individual leaves are harvested. 
Mizuna 40 Can be green or dark red with serrated leaves. Loose leaves have a 
mild mustard flavor. Used as a loose leaf crop. 
Komatsuna 35 Upright leaves with flavor similar to spinach. Very productive. 
Tatsoi 35 Spoon-shaped leaves in a tight rosette. Excellent replacement for 
spinach.  
Tokyo Bekana 45 Light green leaves used for loose leaves or heads. Very cold 
tolerant. 
Pac Choy 45 Loose heading Chinese cabbage with wide market appeal. 




55 Cylinder-shaped cabbage used for stir fry and pickling. 
Senposai 55 Heat and cold tolerant plant that is a cross between cabbage and 
komatsuna. 
zDays to harvest from seeding 
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Komatsuna Tatsoi Senposai 
   




Hon Tsai Tai Tokyo Bekana Yukina Savoy 
 
  
Red Mustard Bok Choy (‘Chin Chiang’) Napa cabbage 
Figure 2. Asian vegetables evaluated in 2013-14.  
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Table 2. Marketable yield and quality of several Asian vegetables grown in West Virginia. 




Canton Long Pak Choy 13.6 11.0 5.0 5.0 
Yukina Savoy Loose leaf 4.0 — 5.0 4.4 
Komatsuna Loose leaf 7.0 — 5.0 4.0 
Tatsoi Head 3.5  8.6 5.0 5.0 
Mizuna Loose leaf 4.8 — 4.8 4.1 
Senposai Loose leaf 2.9 — 4.8 3.8 
Joi Choi Pak Choy 10.3 11.5 3.8 4.2 
Red Mustard Loose leaf 3.6 — 5.0 3.6 
Tokyo Bekana Head 6.6 12.0 3.8 4.1 
Purple Pak Choy Pak Choy 2.3 10.0 5.0 4.0 
Hon Tsai Tai Stems 3.5 — 4.2 3.8 
Chin Chiang Pak Choy 16.9 10.8 4.4 5.0 
Komatsuna Loose Leaf 7.2 — 5.0 5.0 
Tender Tatsoi Loose leaf 6.2 — 5.0 5.0 
Dwarf Choi Pak Choy 8.9 9.5 5.0 4.2 
Choy Sum Pak Choy 10.3 9.8 5.0 5.0 
Red Rain Loose Leaf 4.4 — 5.0 5.0 
Green Seoul cabbage Napa 22.0 12.0 4.0 3.0 
Optiko Napa 21.4 9.0 5.0 5.0 
zColor scale 1-5; 1=light green/low color intensity; 5=dark green or intense color. 
yQuality scale 1-5: 1= poor quality; 5=excellent quality. 
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Table 3. Effects of shade cloth on yield, quality and insect injury of Asian greens. 
Cultivar Treatment Fresh Wt. (g) Qualityz Insect 
Damagey 
Yukina Savoy Shade Cloth 107 4.4 3.9 
Komatsuna* 165 4.0 3.5 
Hon Tsai Tai 84 3.9 2.5 
Tatsoi 84 4.1 1.9 
Mizuna* 133 3.9 1.0 
Senposai* 82 3.9 3.0 
Joi Choi 232 4.1 3.0 
Red Mustard* 102 3.5 2.7 
Tokyo Bekana 151 4.2 2.2 
Purple Pak Choi 45 4.0 3.5 
Yukina Savoy No Shade Cloth 116 4.1 2.5 
Komatsuna 233 3.2 2.9 
Hon Tsai Tai 111 3.8 2.9 
Tatsoi 110 4.3 4.1 
Mizuna 136 4.3 1.0 
Senposai 79 3.6 3.3 
Joi Choi 342 4.3 2.8 
Red Mustard 98 3.7 2.3 
Tokyo Bekana 221 4.0 2.7 
Purple Pak Choi 84 4.0 2.5 
Shade Cloth  NS NS * 
Cultivar  * * * 
zQuality scale 1-5: 1= poor quality; 5=excellent quality. 
yInsect damage scale 1-5: 1=little or no leaf feeding; 5=	  significant leaf feeding. 
xNS=No significant effect of treatment; *=Treatment or cultivar effect significant at P<.05.  
† can be multiple harvested 
Conclusions 
There is a potentially strong commercial market for some Asian vegetables in West Virginia. 
Potential market outlets include restaurants, local farmers’ markets, and ethnic grocery stores. 
Most Asian greens are cool-season vegetables and should be grown as a spring or fall crop. With 
the use of low and high tunnels, some Asian greens can be successfully overwintered in West 
Virginia. 
The best loose leaf Asian greens evaluated in this study were ‘Komatsuna,’ ‘Yukina Savoy,’ 
‘Tatsoi,’ and ‘Senposai.’ Loose leaf green can be harvested as full-size or baby-size (<4 in. 
length) leaves. Full-size leaves can be bunched (15-20 stems/bunch) and banded with a rubber 
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band (Figure 5). The loose leaves should be washed and cooled immediately after harvest. 
Mizuna is an excellent salad green and can be harvested at any stage of growth. 
Some Asian greens can be harvested as both intact heads or loose leaves. For example, ‘Tokyo 
Bekana’ is a Chinese cabbage that is a cold weather substitute for lettuce. Loose leaves or the 
entire head are harvested depending on the market outlet. Most Pac choy cabbages are harvested 
as intact heads. All of the Pac choy cabbages evaluated were excellent and can be grown in low 
or high tunnels for extended season production. Baby Pac choys can be sold to a variety of 
market outlets and often reach maturity quickly. Napa cabbages are a denser heading Chinese 
cabbage that are perfect substitutes for green cabbage. 
  
Figure 5. Asian vegetables can be sold as bunched leaves or intact heads. 
Table 4. Seeding (transplanting) dates for Asian greens in West Virginia. 
Crop 
High Tunnel Low Tunnel/Field 
Spring Fall Spring Fall 
Pak Choy 2/15-4/15 8/15-10/15 3/15-5/1 7/20-8/31 
Useful References 
Growing Chinese Vegetables in Your own Backyard. 2009. Geri Harrington 
The Winter Harvest Handbook. 2009. Eliot Coleman 
Sustainable Market Farming. 2013. Pam Dawling 
Some Asian Vegetable Seed Suppliers 
Baker Creek Heirloom Seeds (www.rareseeds.com) 
Evergreen Seeds (www.evergreenseeds.com) 
Kitchen Garden Seeds (www.kitchengardenseeds.com)  
Johnny’s Selected Seeds (www.Johnnyseeds.com) 
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Evaluation of Broccoli Cultivars for Summer 
Crown-Cut Production in West Virginia 
Lewis W Jett, Associate Professor and Extension Horticulture Specialist, 2102 Agriculture 
Sciences Building West Virginia University, Morgantown, WV 26506 
Broccoli (Brasssica oleracea) for crown-cut production was evaluated in West Virginia during 
late spring and summer in 2014. Crown-cut broccoli is the standard unit for retail broccoli in 
West Virginia. Heads are harvested at approximately 4-6 inch diameter and cut approximately 5 
inches from the first branches of florets. This produces a 4-6 in. x 5 in. head that is sold as a 
single unit. There is a strong demand for locally grown broccoli in West Virginia. The objective 
of this evaluation was to determine suitable cultivars for summer crown-cut production. 
 
 
Figure 1. Twenty-four broccoli cultivars were evaluated for summer crown-cut production in  
Eastern West Virginia. 
Materials and Methods 
Broccoli were seeded in 50-cell trays in mid-April and grown for approximately six weeks in a 
greenhouse before transplanting in field plots on May 24, 2014. The plots were established at 
Spring Valley Farm in eastern West Virginia (Figure 1). Twin rows on 36-inch wide raised beds 
with plastic mulch and drip irrigation were established. Approximately 150 lbs/acre of N was 
broadcast and disked in prior to bedding with an additional 50 lbs/acre applied over a 6-8 week 
period through the drip irrigation system. Transplants were spaced 12 inches between plants in 
the row and between rows on the bed resulting in 21,780 plants per acre. Each variety was 
planted in 12-foot plots with 24 plants per plot and replicated three times in a randomized 
complete block design. Standard pest management practices were followed throughout the 
season. Harvest commenced on July 10 and continued over a three-week period. When the heads 
(crowns) reached a minimum diameter of 4 inches, the heads were cut and trimmed to a 5-inch 
length from the first branches, weighed, and quality attributes measured. 
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Results and Discussion 
The mid- to late July period is typically the period of highest temperatures in West Virginia. The 
average maximum temperature is 87°F. Maximum temperatures during head development and 
harvest (July 1-July 31) ranged from 82°F-88°F in 2014. 
‘Castle Dome,’ ‘Captain,’ and ‘Blue Wind’ were the earliest maturing varieties evaluated. 
‘Castle Dome’ had superior quality and yield relative to the other two early-maturing cultivars 
(Table 1, 2). 
‘Green Gold’ produced the highest total yield per acre. This variety had a light green color with 
small bead size, but the head was occasionally lumpy. ‘Emerald Crown’ produced excellent 
quality crowns with good color and domed shape. ‘Lieutenant’ had excellent heat tolerance. 
‘Gypsy’ and ‘Green Magic’ have consistently been high-yielding varieties in this evaluation as 
well as previous trials. ‘BC 1691’ had excellent yields but was not significantly dome-shaped. A 
dome-shaped head is important for summer or high-temperature broccoli production since the 
rain droplets do not hold onto the head triggering soft rot. ‘Izabel’ had excellent yields, but some 
incidence of hollow stem was observed. Bjorkman (2011) noted that increasing the plant 
population to 31,000 plants per acre can reduce hollow stem incidence for crown-cut broccoli.  
‘Durapak-16’ and ‘Durapak-19’ are late maturing varieties, but ‘Durapak-19’ produced excellent 
quality crowns. 
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Table 1. Broccoli cultivars evaluated. 





Amadeus JS 19 Leafy heads (heat stress) with low marketable percentage 
Avenger SK 14 Poor color and bead development; leafy heads (heat stress) 
Bay Meadows SY 14 Small bead size and domed heads with good color 
BC1691 SM 12 Good color but not significantly dome-shape 
BC 1764 SM 13 Dome-shaped heads; light green color 
Blue Wind JS 13 Poor color (blue-green) and bead size 
Burney SM 13 Light green color with small bead size but hollow stem 
Captain SM 13 Slight dome shape with light green color 
Castle Dome SM 12 Early maturity with good color 
Diplomat SK 12 Heads were not domed shaped 
Durapak-16 SY 20 Dome-shaped with small beads and good color; late 
Durapak-19 SY 24 Dome-shaped with small beads and good color; late 
Emerald Crown SK 13 Medium head size with good color and slightly domed 
Emerald Jewel SK 13 Green-yellow color with small bead size 
Expo SW 12 Poor color; leafy heads (heat stress) 
Green Gold SK 13 Light green color; small bead size; somewhat lumpy head 
shape 
Green Magic SK 12 Excellent color and bead size 
Gypsy SK 15 Good color with small to medium size beads 
Imperial SK 13 Excellent color with small bead size and dome-shaped 
Izabel SK 15 Excellent color; domed head but hollow stem 
Legacy SM 13 Poor color and bead shape 
Lieutenant SM 13 Excellent color and shape 
Luna SK 13 Light green with domed head and good bead size 
Tahoe SK 14 Discolored beads (yellow eye) from heat 
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Table 2. Marketable yield of crown-cut broccoli harvested-2014 (yields ≥ 500 boxes/acre in 
bold). 









Amadeus 11.4 5.5 50 317 
Avenger 13.8 5.0 8 67 
Bay Meadows 12.4 5.8 61 425 
Bejo 1691 12.0 6.1 78 533 
Bejo 1764 11.6 6.0 54 350 
Blue Wind 11.6 6.1 53 325 
Burney 12.2 5.7 61 417 
Captain 11.0 5.9 42 242 
Castle Dome 14.6 6.8 45 375 
Diplomat 10.7 5.2 72 425 
Durapak-16 13.4 6.1 80 600 
Durapak-19 13.9 5.9 86 667 
Emerald Crown 13.1 5.9 69 525 
Emerald Jewel 11.3 6.1 75 492 
Expo 15.8 6.2 33 22 
Green Gold 17.1 6.3 80 775 
Green Magic 13.2 5.9 75 558 
Gypsy 13.5 5.9 80 600 
Imperial 12.4 5.7 72 500 
Izabel 13.4 5.7 83 625 
Legacy 14.0 6.1 33 267 
Lieutenant 14.2 6.3 78 625 
Luna 13.1 5.8 80 592 
Tahoe 10.6 5.2 62 383 
Mean 11.7 5.1 60.4 433 
Standard error 0.5 0.2 3.2 25 
z24 lbs/box. 
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Fall Broccoli Cultivar Trial 2012-2013 
Shawn Wright, Darrell Slone, and John Snyder — University of Kentucky 
Broccoli is a nutritious crop with strong, local demand, but warm summer temperatures often 
make early summer production in Kentucky difficult. Varieties that will grow well from late 
summer into autumn could provide a good source of income, increase the availability of 
nutritious produce, and help meet the demand for more locally produced commodities in 
restaurants and schools. In eastern Kentucky, growers often plant cabbage and various greens, 
but broccoli production has been limited in part by lack of information on production practices 
and variety information. This study was conducted to demonstrate the potential of this 
production system and to select some varieties for further study. 
Materials and Methods 
This study was completed at the Robinson Center for Appalachian Resource Sustainability 
(RCARS) in Breathitt County, Kentucky. Soils are Nolin-Grigsby Series formed in mixed 
alluvium derived from sandstone, siltstone, and shale with moderate permeability.  
Twenty-four varieties selected for a range of characteristics were seeded on July 9 and 10, 2012, 
into 98-cell plastic plug trays filled with ProMix BX general growing medium (Premier 
Horticulture, Inc.). Plants were grown for six weeks and then were set into the field on August 20 
and 21. For the 2013 planting, twelve varieties from 2012 were selected for a range of maturity 
and characteristics as well as disease resistance and were seeded on July 8, 2013, using similar 
trays and growing media. Plants were grown out for seven weeks and transplants were set into 
the field on August 29. Raised planting beds with drip irrigation were covered with white-on-
black plastic, white side up, and with 150 pounds of 19-19-19 per acre spread in the bed at 
formation. Drip irrigation was not needed either year. Beds were 6 feet on center. The plugs were 
set using a water-wheel transplanter with approximately 1 cup of starter solution (5 lb of 10-30-
20 in 100 gallons of water) applied at transplanting. Plants were 8 inches apart in double rows 
with 12 inches between rows. Each plot row was 20 feet long and contained 60 plants. In 2012, 
varieties were replicated nine times and in 2013 four times, in randomized complete block 
designs. Weeds were controlled between the rows with cultivation and spot spraying of 
glyphosate where needed. No fungicides were applied either year; in 2012, weather conditions 
did not allow application and none were needed in 2013. Coragen at 4oz/acre was applied once 
in 2013 for looper control. 
The number of heads and weight per plot were measured each year. Observations were recorded 
on bead size as consumer preference is for smaller bead size compared to larger for fresh 
consumption. We also determined whether a variety was best as a single crown cut variety or 
was more suitable for bunching several heads together for sale.  
Results and Discussion 
There was a significant year effect because of distinctly different weather conditions between 
2012 and 2013. Autumn 2012 was wetter than normal with greater than 10% more moisture, and 
it was significantly cooler than normal with an average temperature of 55.8°F, which was 2.4°F 
cooler than normal. These weather conditions were reflected in much more disease pressure in 
2012 leading to only two harvests. Autumn 2013 was significantly drier than normal with less 
than 60% of average rainfall. It was also 1.3°F cooler than average but still warmer than 2012. 
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These weather conditions were reflected in much more disease pressure in 2012 leading to only 
two harvests vs. five harvests in 2013. Downy mildew and bacterial soft rot were the primary 
diseases that caused such a low harvest in 2012, and there was also significant brown bead, a 
physiologic issue that causes the florets to turn brown. Broccoli frog eye, also known as cat-eye 
in some regions, is a physiological condition where excessive or uneven temperatures cause 
differential development in the inflorescence.  
Data were analyzed using SAS and means separated using Duncan’s Multiple Range Test. 
Tables 1 and 2 show mean weights (lbs) and mean head number, for 2012 and 2013, 
respectively. Means with the same letter are not significantly different. Table 3 lists general 
varietal characteristics. Hollow stem may be considered undesirable and we collected data on the 
number of heads having hollow stems at harvest (data not shown). Belstar, Diplomat, Blue Wind, 
Avenger, Ironman, and Windsor all averaged more than 50% hollow stems. Destiny, Amadeus, 
Major, Imperial, Emerald Jewel, Bay Meadows, and Gypsy averaged 40-50% hollow stems. 
Concord, Monaco, Marathon, Maverick, Patron, Everest, and Green Magic had 25-40% hollow 
stems. Only Alborada, Emerald Crown, Green Gold, and Expo had less than 25% hollow stems. 
Typically the smaller stemmed varieties do not produce a large crown and are best suited for 
bunching, whereas the varieties with a large dome head that are cut as a single crown typically 
have larger stems. Imperial and Ironman were suitable for both as they had nice dome-shaped 
heads, but small stems that allowed bunching. 
This study shows that there is potential for fall broccoli production in eastern Kentucky. Growers 
could market their produce direct to consumers, through auctions, or through the farm-to-school 
program. Emerald Crown, Green Gold, and Destiny would be three varieties that should be tried 
for commercial production based upon this study. For home garden production, consumers 
should focus upon varieties that have good disease resistance. 
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Table 1. Mean weights and head numbers per plot 2012. 
Variety Mean Wt. (lbs) Head Number 
Green Gold 8.5 A 10.4 AB 
Major 8.5 A 12.1 A 
Emerald Crown 8.0 AB 10.9 AB 
Gypsy 7.8 ABC 10.4 AB 
Green Magic 7.8 ABC 11.4 A 
Destiny 7.2 ABCD 9.3 ABCD 
Amadeus 6.8 ABCDE 10.3 AB 
Windsor 6.8 ABCDE 10.2 AB 
Maverick 6.6 ABCDE 9.7 ABC 
Diplomat 5.8 ABCDEF 7.1 CDE 
Patron 5.2 BCDEFG 9.8 ABC 
Imperial 5.0 CDEFG 6.7 DE 
Bay Meadows 4.4 DEFGH 8.8 BDC 
Everest 4.1 EFGH 9.3 ABDC 
Ironman 3.5 FGHI 6.1 FE 
Emerald Jewel 3.0 FGHIJ 5.9 FE 
Alborada 2.6 GHIJ 4.4 EFGH 
Avenger 2.1 HIJ 3.4 FGH 
Belstar 1.9 HIJ 5.2 EFG 
Monaco 1.8 HIJ 3.1 GH 
Marathon 1.5 HIJ 2.7 GHI 
Concord 1.0 IJ 2.1 HI 
Blue Wind 0.4 J 10.8 AB 
Expo 0.2 J 0.3 I 
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Table 2. Mean weights and head numbers per plot 2013. 
Variety Mean Wt. (lbs) Head Number 
Emerald Crown 28.2 A 47.2 A 
Green Gold 24.8 AB 38.7 BC 
Everest 24.2 AB 47.2 A 
Destiny 23.6 AB 40.2 ABC 
Imperial 21.8 BC 43.0 ABC 
Ironman 19.6 BCD 28.2 D 
Belstar 19.6 BCD 26.0 D 
Green Magic 18.1 CD 38.5 BC 
Major 17.8 CD 42.5 ABC 
Diplomat 17.8 CD 36.7 C 
Windsor 15.6 DE 45.5 AB 
Expo 12.6 E 13.2 E 
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Table 3. General varietal observations. 
Variety Seed Source Bead Size Head Characteristics Other 
Alborada BE Medium Crown cut Early 
Amadeus JS Small Bunching  
Avenger SK Small Crown cut Large stem 
Bay Meadows SY Medium Crown cut  
Belstar BE Small Crown cut Large stem 
Blue Wind JS Large Crown cut Early variety 
Concord SY Large Crown cut  
Destiny SK Small Bunching Lots of brown bead 
Diplomat SK Small Bunching Medium stem 
Emerald Crown SK Fine Crown cut Frog eye 
Emerald Jewel SK Small Crown cut  
Everest SY Medium Bunching Small stem 
Expo SK Fine Crown cut Large stem 
Green Gold SK Fine Crown cut Downy mildew 
Green Magic SK Small Crown cut Frog eye 
Gypsy SK Large Crown cut Flat head 
Imperial SK Fine Crown cut/Bunching Good color 
Ironman SM Fine Crown cut/bunching Nice dome 
Major JS Large Bunching Small stem 
Marathon SK Large Crown cut Large stem 
Maverick SK Medium Crown cut  
Monaco SY Small Crown cut Large stem 
Patron SK Small Crown cut  
Windsor ST Small Bunching Small stem 
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Midwest Cantaloupe Variety Trial in Southwest 
Indiana — 2014 
Daniel S. Egel, Dennis Nowaskie, and Sara Hoke, Purdue University, Vincennes, Indiana 
Introduction 
Indiana is 3rd in the United States in both the weight of cantaloupe (Cucumis melo L.) produced 
and the total value of the crop, behind only California and Arizona. The latter two states are 
primarily producers of Western shipper cantaloupes, making Indiana the leader in Eastern 
cantaloupe production (USDA, 2014). The total value of Indiana’s cantaloupe production in 
2013 was $11.5 million. This figure, while important, does not count the “ripple effect” of 
cantaloupe production in the Indiana economy. One of the primary starting points for a 
commercial producer is finding a variety capable of good yield and fruit quality. The objective of 
this project is to evaluate the growth and yield of 12 cantaloupe varieties grown under 
southwestern Indiana conditions. 
Materials and Methods 
On April 15, 2014, the experiment was established when seeds of each variety were sown. This 
season there were 12 varieties submitted from various seed companies. Seeds were started in 50-
cell black seedling flats (T.O. Plastics, Clearwater, MN) using a peat-based, soilless media, Jiffy-
Mix Grower’s Choice Plus (Jiffy Products of America, Lorain, Ohio). The experimental field 
was prepared by tillage, application of fertilizer material, formation of raised beds, and 
installation of black plastic mulch and drip tape. Fertilizer was applied at a per-acre rate of 350 
lbs. (46-0-0), 100 lbs. (0-0-60), and 200 lbs. of pelletized lime. Planting density was 22 plants 
per plot, with plot dimensions of 6 feet x 55 feet. In-row plant spacing was 2.5 feet. On May 12, 
2014, transplants were planted in the field in the appropriate plots. The experimental design was 
a randomized complete block with three replicates. Plants were harvested three times per week 
over four weeks for a total of 12 harvests beginning July 18 and ending on August 12. Fruit 
number, weight, and average fruit weight were all collected during harvest. Additionally nine 
fruit from each variety (three fruit per replicate) were evaluated for various quality parameters 
such as soluble solids, fruit firmness, seed cavity length, seed cavity width, overall fruit length, 
overall fruit width, and rind thickness. Data were analyzed by Fisher’s least significant 
difference test using SAS statistical programs (SAS Institute, Cary, NC.). Pests were managed 
using recommendations in the Midwest Vegetable Production Guide for Commercial Growers, 
2014 (Egel et al, 2014). 
Results 
The highest brix reading was obtained from NUN 9000, which also gave the reading for firmest 
flesh. The next two brix readings were for the hybrids NUN 26187 and Samoa. Wrangler, NUN 
26367 MEM and Eclipse had the highest number of fruit per acre, with the former having 
significantly more fruit than any other hybrid. NUN 26367 MEM had the highest weight of fruit 
per acre numerically. Majus had significantly more fruit per acre than any other hybrid in 
harvests 1-4." NUN 26317 MEM produced a significantly larger fruit than any other hybrid.  
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Table 1. Varieties, seed companies, and comments for SW Purdue Ag. Center cantaloupe trial, 
2014. 
Variety Seed Source  Comments 
ACR 4067 ES Nunhems  
Aphrodite Syngenta  
Athena Syngenta  
Eclipse Rupp Seeds Inc. SWPAC entry 
Majus Rupp  
NUN 26187 MEM Nunhems  
NUN 26317 MEM Nunhems  
NUN 26367 MEM Nunhems  
NUN 9000 Nunhems  
Samoa Harris Moran  
Tirreno Rupp  
Wrangler Hollar SWPAC entry 
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Table 3. Total harvest of cantaloupe varieties, 2014. 





Wrangler 7,163 a1 31,647 cde 4.4 g 
NUN 26367 MEM 5,711 b 43,121 a 7.5 cd 
Eclipse 5,082 bc 37,707 ab 7.4 d 
Athena 4,888 bcd 30,650 cdef 6.3 e 
NUN 26187 MEM 4,840 cd 25,893 f 5.3 f 
NUN 9000 4,792 cd 29,940 ef 6.2 e 
Majus 4,646 cde 28,507 ef 6.2 e 
Aphrodite 4,211 defg 35,787 bcd 8.5 b 
Samoa 3,824 efg 28,021 ef 7.5 d 
ACR 4067 ES 3,630 fg 30,678 cdef 8.4 b 
Tirreno 3,388 g 25,075 f 7.4 d 
NUN 26317 MEM 2,323 h 32,382 bcde 13.9 a 
1Averages in columns separated by Fisher’s least significant difference test (P ≤ 0.05), averages with the same letters 
are not statistically significantly different. 
Table 4. Harvest 1-4 of cantaloupe varieties, 2014. 
Variety Number of Fruit per Acre 




Majus 919.6 a1 3,934.9 a 4.3 ab 
Wrangler 580.8 b 2,026.0 b 3.8 abc 
Athena 193.6 c 1,041.6 bc 3.2 abc 
Eclipse 96.8 c 742.5 cd 5.1 a 
Tirreno 48.4 c 119.1 cd 0.8 dc 
Aphrodite 48.4 c 246.8 cd 1.7 bcd 
NUN 26187 MEM 48.4 c 152.9 cd 1.1 dc 
Samoa 0 c 0 d 0 d 
ACR 4067 ES 0 c 0 d 0 d 
NUN 26367 MEM 0 c 0 d 0 d 
NUN 26317 MEM 0 c 0 d 0 d 
NUN 9000 0 c 0 d 0 d 
1Averages in columns separated by Fisher’s least significant difference test (P ≤ 0.05), averages with the same letters 
are not statistically significantly different. 
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Table 5. Harvest 5-8 of cantaloupe varieties, 2014.  





Wrangler 4,549.6 a1 20,748 cde 4.6 h 
Eclipse 4,210.8 ab 31,594 a 7.5 de 
Athena 3,872.0 ab 24,330 bc 6.3 f 
Aphrodite 3,436.4 bc 30,107 ab 8.8 b 
NUN 26367 MEM 2,952.4 cd 23,343 bcd 7.9 cd 
NUN 9000 2,516.8 d 15,763 ef 6.2 f 
NUN 26187 MEM 2,371.6 de 12,745 f 5.4 g 
Majus 2,323.2 de 15,089 ef 6.6 f 
Samoa 2,274.8 de 16,667 edf 7.4 de 
Tirreno 1,597.2 fe 11,033 f 6.9 ef 
ACR 4067 ES 1,306.8 fg 10,875 f 8.3 bc 
NUN 26317 MEM 677.6 g 9,890 f 14.7 a 
1Averages in columns separated by Fisher’s least significant difference test (P ≤ 0.05), averages with the same letters 
are not statistically significantly different. 
Table 6. Harvest 9-12 of cantaloupe varieties, 2014. 





NUN 26367 MEM 3,098 a1 21,928 ab 7.1 def 
ACR 4067 ES 3,049 a 25,287 a 8.3 b 
NUN 26187 MEM 3,001 a 15,994 bcd 5.3 h 
NUN 9000 2,856 a 17,285 bc 6.0 gh 
Wrangler 2,565 ab 10,834 def 4.2 i 
Samoa 2,420 abc 17,939 bc 7.5 bcd 
Tirreno 2,323 abc 18,384 bc 8.0 bc 
NUN 26317 MEM 2,033 bcd 27,321 a 13.4 a 
Majus 1,742 cd 11,122 def 6.4 efg 
Eclipse 1,210 ef 7,880 ef 6.4 efg 
Athena 1,113 ef 7,067 ef 6.3 fg 
Aphrodite 726 f 5,433 f 7.2 cde 
1Averages in columns separated by Fisher’s least significant difference test (P ≤ 0.05), averages with the same letters 
are not statistically significantly different. 
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Kentucky Cantaloupe Variety Trial — 2014 
Shubin K. Saha and Lucas Hanks, University of Kentucky, Lexington, Kentucky  
In Kentucky, cantaloupe (Cucumis melo L.) production is the fifth largest for fresh market 
vegetables with respect to area of production. In 2013, cantaloupe was grown on 618 acres 
accounting for 9% of the total fresh market vegetable acreage (USDA, 2013). Cantaloupe is 
grown in various areas across the state, most often in the same areas that are also producing 
watermelon. These would include, but are not limited to Casey, Lincoln, Hart, Allen, and 
Daviess counties. There is also potential for increased production, particularly in central and 
western Kentucky that are near the large industry in southern Indiana. However, moving into 
wholesale production has many challenges. In particular, netted cantaloupe has more challenges 
than other crops with respect to food safety. Additionally, with a large majority of sales 
occurring at the farm market, there is an opportunity to produce unique melons or grow varieties 
that might not be utilized by a wholesale producer. Variety selection is one of the primary 
decisions producers make each season to meet their needs with respect to high yield, resistance 
to abiotic disorders (e.g., fruit splitting), and good internal qualities such as soluble solids. 
Harvest maturity for timing of market windows is also generally a consideration for producers. 
Aphrodite and Athena are the most commonly used varieties currently in the Midwest, including 
Kentucky and Indiana. The objective of the experiment was to evaluate nine cantaloupe varieties 
and one honeydew grown under Midwestern U.S. growing conditions at the University of 
Kentucky Horticulture Research Farm in Lexington, KY. 
Materials and Methods 
The experiment was established when the seeds of nine cantaloupe and one honeydew varieties 
were sown in 50-cell black seedling flats (Landmark Plastic, Akron, OH) on April 18, 2014. The 
seedling media used was Jiffy-Mix #17 (Jiffy Products of America, Lorain, Ohio). All varieties 
were transplanted in the field in their designated plots based on the randomized complete block 
design on May 19, 2014. Experimental plots were 50 feet in length. Rows were spaced on 6-foot 
centers with 30-inch in-row spacing. There were three replicates of each variety and 20 plants in 
each plot.  
Preplant broadcast fertilization consisted of 109 lbs of urea (46-0-0) and 100 lbs of sulfate of 
potash (0-0-50) per acre based on soil nutrient analysis and fertility recommendations of the ID-
36 Vegetable Production Guide for Commercial Growers (Bessin, et al., 2014). Raised beds 
were formed and covered in black plastic mulch (4 ft x 1 mil, Filmtech Plastics of the Sigma 
Plastics Group, Lyndhurst, NJ), while drip tape (8-inch emitter spacing, 30 gph/100 ft, Aqua 
Traxx, The Toro Company, Bloomington, MN) was installed under the plastic to allow for 
irrigation during the season as needed. Fertigation applications at 10 lbs N per acre were made 
alternating calcium nitrate and potassium nitrate weekly from June 4 to August 7 utilizing the 
schedule provided in the ID-36 (Bessin, et al., 2014). Weeds on shoulders of the beds were 
weeded by hand and with the use of a scuffle hoe. Additionally, vines were turned back on to the 
plastic weekly from June 9 to June 30 to keep varieties separated and to also allow for cultivation 
of row middles for weed management.  
The MELCAST disease forecasting system was utilized to determine the timing of preventative 
fungicide sprays. In some seasons that can result in a reduction of two or three fungicide 
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applications (Egel and Latin, 2012). Fungicide selection and proper rotation of modes of action 
were done per the recommendations of the ID-36 Vegetable Production Guide for Commercial 
Growers (Bessin, et al., 2014). Imidacloprid was applied in the transplant water for management 
of cucumber beetles which vector bacterial wilt. Scouting was conducted on a weekly basis for 
arthropod pests. Insecticide and/or miticide applications were made based on the scouting report.  
Fruit were harvested three times per week for a total of twelve harvests from July 18 to August 
18, weighing each fruit individually. Nine fruit from each variety (three from each replication) 
were evaluated for internal quality including percent soluble solids, size, and firmness over the 
course of the season. Soluble solids were measured using a refractometer (RF-12, Extech 
Instruments, Nashua, New Hampshire). Fruit firmness was measured using an analog 
penetrometer (FT, Wagner Instruments, Greenwich, Connecticut). Yield data was analyzed by 
Fisher’s least significant difference test using SAS statistical programs (SAS Institute, Cary, 
NC.)  
Results and Discussion 
Overall, yields in 2014 were slightly higher relative to the 2013 trial, ranging from 3,969-12,439 
fruit per acre, as compared to 3,630-8,808 fruit per acre last season (Table 1) (Saha and Sutterer, 
2013). Likely, the site differences and the use of weekly fertigation could have been the cause for 
the higher yields in 2014 relative to 2013. Average fruit weight ranged from 6.0-9.4 pounds 
amongst the varieties (Table 2).  
Aphrodite and NUN 26287 had greater average fruit weight, 9.0 and 9.4 pounds, respectively, 
compared to the other eight varieties (Table 1). Majus and NUN 7609 had smaller fruit, 6.1 and 
6.0 pounds, respectively, compared to seven other varieties (Table 1). The remaining varieties 
such as Athena, were generally in the range of 7 pounds per fruit. The honeydew variety, 252 
HQ, had greater yield (12,439 fruit per acre) compared to all other varieties (Table 1). There 
were no significant differences for number of fruit per acre among the cantaloupe varieties with 
the exception of VAR 351, which had significantly lower yield with respect to total weight and 
fruit number per acre (Table 1). From a practical perspective, the majority of the cantaloupe 
varieties had similar yield as the typical standards, Athena and Aphrodite. 
Variety 7609 had higher brix (12.8 %) compared to five varieties in the trial (Table 2). Varieties 
that did not differ significantly from 7609 with respect to brix include Majus, 9000, Var 351, and 
Athena. With the exception of NUN26287, all varieties had greater than 11 % brix, which is 
considered reasonable for market (Table 2). Fruit firmness ranged from 3.0-6.3 lbs-force among 
the varieties in the trial (Table 2). Sunny Dee had greater fruit firmness (6.3 lbs-force) compared 
to five other varieties (Table 2). Regarding harvest maturity, no varieties had as many number of 
fruit per plot as Athena (24 fruit per plot) in the early harvest period (Table 3). Only Tirreno and 
Var 351 had fewer fruit per plot compared to 9000 and 252HQ during the middle harvest period 
(Table 4). However, Tirreno had greater number of fruit per plot in the late harvest period 
compared to six other cantaloupe varieties (Table 5). 
Based on yields and fruit quality, there are multiple varieties that are comparable to Athena and 
Aphrodite. Examples of varieties would include 7609 and 9000 that had yields and quality 
comparable to the standards as well as similar exterior appearances of netting and no sutures. 
These would likely fit well with the wholesale or produce auction markets. Somewhat unique 
varieties with sutures, sometimes referred to as Tuscan melons, that had comparable yield and 
good fruit quality would include Majus, Tirreno, and Sunny Dee. These have excellent quality 
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but may be better suited to direct sales such as farmers markets. Similar to last season, there were 
significant periods of cool and wet weather, which seemed to delay maturity of the crop. 
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Table 2. Fruit quality of cantaloupe varieties, 2014. 
















7609 Nunhems 12.8   a1 4.7   d 2.6   de 5.3   ab 6.3   f 2.48   f 
Majus Rupp 12.6   ab 4.8   d 3.1   bc 3.9   de 6.3   f 2.47   f 
9000 Nunhems 12.4   abc 5.0   cd 2.7   d 3.7   de 6.7   de 2.64   de 
VAR. 351 Nunhems 11.9   abcd 5.9   a 2.6   de 5.4   ab 6.9   cd 2.71   cd 
Athena Syngenta 11.6   abcd 5.3   bc 3.3   ab 3.0   e 7.0   bcd 2.75   bcd 
252HQ Nunhems 11.4   bcd 4.7   d 3.4   ab 5.5   ab 7.7   a 3.05   a 
Sunny Dee Nunhems 11.3   bcde 3.9	   e 2.3   e 6.3   a 5.7   g 2.24   g 
Tirreno Rupp 11.2   cde 5.2   bcd 2.8   cd 5.4   ab 6.4   ef 2.53   ef 
Aphrodite Syngenta 11.1   de 5.7   ab 3.5   a 4.0   cd 7.2   bc 2.83   bc 
NUN 26287 Nunhems 10.0   e 5.9   a 2.8   cd 4.9   bc 7.3   b 2.88   b 
1Means in columns separated by Fisher’s least significant test (P ≤ 0.05), means with same letter are not 
significantly different. 
Table 3. Early cantaloupe harvest per plot1, 2014 — Early (July 18-July 25), 4 harvests. 







Athena Syngenta 24.0   a2 153.9   a 6.4   abc 
Sunny Dee Nunhems 16.0   b 75.6   c 4.8   bcd 
Majus Rupp 16.0   b 93.1   bc 5.8   abc 
Aphrodite Syngenta 14.3   bc 124.4   a 8.7   a 
Tirreno Rupp 9.3   c 58.3   cd 6.2   abc 
252HQ Nunhems 3.0   d 21.3   de 6.9   ab 
NUN 26287 Nunhems 2.7   d 20.0   de 8.1   a 
7609 Nunhems 0.7   d 3.4   e 3.4   cd 
VAR. 351 Nunhems 0.3   d 2.4   e 2.4   de 
9000 Nunhems 0.0   d 0.0   e 0.0   e 
1Plot size: 300 ft2. 
2Means in columns separated by Fisher’s least significant test (P ≤ 0.05), means with same letter are not 
significantly different. 
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Table 4. Middle cantaloupe harvest per plot1, 2014 — Middle (July 28-August 4), 4 harvests. 







9000 Nunhems 27.7   a2 194.7   ab 7.1   cde 
252HQ Nunhems 27.3   a 230.0   a 8.4   b 
Athena Syngenta 25.3   ab 188.8   ab 7.5   bcd 
Sunny Dee Nunhems 24.3   ab 164.5   ab 6.8   de 
Aphrodite Syngenta 23.0   ab 230.1   a 9.9   a 
NUN 26287 Nunhems 22.7   ab 222.3   a 9.7   a 
Majus Rupp 21.3   ab 136.6   bc 6.4   e 
7609 Nunhems 21.3	   ab 134.8   bc 6.4   e 
Tirreno Rupp 19.3   b 148.8   bc 7.7   bc 
VAR. 351 Nunhems 10.7   c 84.7   c 7.9   bc 
1Plot size: 300 ft2. 
2Means in columns separated by Fisher’s least significant test (P ≤ 0.05), means with same letter are not 
significantly different. 
Table 5. Late cantaloupe harvest per plot1, 2014 — Late (August 6-August 18), 4 harvests. 







252HQ Nunhems 31.0   a2 192.4   a 6.2   cd 
Tirreno Rupp 30.3	   ab 191.4   a 6.3   cd 
Aphrodite Syngenta 21.7   bc 152.3   ab 6.9   bc 
NUN 26287 Nunhems 21.3   bc 184.1   a 8.7   a 
7609 Nunhems 20.3   c 108.8   bc 5.4   ef 
Majus Rupp 18.0   c 92.6   bcd 5.2   f 
Sunny Dee Nunhems 17.7   c 115.5   bc 6.5   bcd 
Athena Syngenta 14.3   cd 87.6   cd 6.0   de 
9000 Nunhems 13.3   cd 94.8   bcd 7.1   b 
VAR. 351 Nunhems 6.0   d 42.9   d 7.1   b 
1Plot size: 300 ft2. 
2Means in columns separated by Fisher’s least significant test (P ≤ 0.05), means with same letter are not 
significantly different. 
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Evaluation of 13 Slicing Cucumbers in 
Southwest Michigan 
Dr. Ron Goldy and Virginia Wendzel 
Southwest Michigan Research and Extension Center 
Benton Harbor, Michigan 
Objectives 
The purpose of this trial is to evaluate the performance of 13 slicing cucumber selections for 
their adaptability to southwest Michigan growing conditions.  
Summary 
Four of 13 slicing cucumber entries (SV8592CS, USACX10429, USACX10428 and SV4220CS) 
performed better than other entries in total and Number 1 fruit yield. Yields were generally low 
for all entries due to fewer harvests in 2014 (five compared to 8 to 10 in most years). 
Methods 
Fertilizer 
Prior to planting, polymer-coated urea (44-0-0), 0-0-60, 95% sulfur, and Granubor were 
broadcast and incorporated at 70, 200, 28, and 15 pounds/acre, respectively.  After planting, 
nutrients were applied through a drip system using 4-0-8-2 (Ca), 28-0-0, and 0-0-30. The 4-0-8-2 
was applied June 16 and 23 at 7 pounds nitrogen per acre. The 28-0-0 was applied June 30, July 
7, and 28 at 7 pounds nitrogen per acre. The 0-0-30 was applied June 30, July 7, 14, 21, and 28 at 
14 pounds potassium (K2O) per acre. Total nitrogen amounted to 66 pounds per acre and total 
potassium amounted to 232 pounds per acre. 
Weed Control 
Weeds were controlled through a backpack sprayer application of Gramoxone prior to vine 
runnering followed by hoeing. 
Planting 
Each entry was direct seeded on June 23 into a plasticmulched, raised bed containing a single 
drip irrigation tape. Spacing was 5.5 feet between rows and 18 inches in the row for a plant count 
of 5,280 plants per acre. There were 8 plants per plot with four replications per entry. 
Plant Care 
Plants were irrigated as needed and pests controlled using recommended commercial practices. 
Harvest and Data Collection 
Plots were harvested five times between July 21 and August 7 and graded into Number 1, 
Number 2, and cull fruit and then subjected to statistical analysis. 
Results 
Yield in all categories was down in this trial due to the lower number of harvests compared to 
previous trials. By the fifth harvest, the number of Number two and cull fruit had risen to the 
point that is was decided to not harvest further. Eight entries had statistically similar total yield 
and four had similar yield of Number 1 fruit (Table 1). Total yield for the 13 entries ranged from 
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376 to 712 bushels per acre, while yield of Number 1 fruit ranged from 161 to 466 bushels per 
acre (Table 1). USAC8834 had the highest number of cull fruit at 399 bushels per acre. This high 
number is probably because USAC8834 is a beit alpha-type that is more adapted to greenhouse 
or tunnel production. When placed in the open field, the fruit have a significant number of fruit 
scars and crooked fruit. 
The best performing entries were SV8592CS, USACX10429, USAX10428, and SV4220CS. 
These four had high total yield, high yield of Number one fruit, and a low number of cull fruit. 
However, all but SV4220CS had a high level of Number two fruit.  
Table 1. Yield in 11/9 bushels/acre (bu/a) of 13 slicing cucumbers in 2014 at the Southwest 
Michigan Research and Extension Center, Benton Harbor, Michigan. Row spacing was 5.5 feet 
between rows and 1.5 feet in the row (5,280 plants/acre). Numbers in bold are not significantly 
different than the highest yielding entry. 
Cultivar Seed Company Total Bu/a No. 1 Bu/a No. 2 Bu/a Cull Bu/a 
SV8592CS SM 712 388 119 206 
USACX10429 UA 705 466 130 109 
USACX10428 UA 670 401 136 133 
Superior UA 638 309 120 208 
SV4220CS SM 634 370 76 188 
Cobra UA 619 288 111 220 
USAC8834 UA 597 161 37 399 
Corinto JS 560 226 94 239 
Lisboa BE 514 233 58 222 
USAC12000 UA 501 262 26 213 
Diomede SY/RG 483 213 72 198 
Senor UA 439 236 55 148 
Navajo UA 376 209 32 135 
Lsd .05  181 104 53 94 
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Saginaw Valley Research and Extension Center 
2014 Pickling Cucumber Variety Trial 
Ben Phillips Michigan State University Extension 
One Tuscola St., Saginaw, MI 48607 
Office: (989) 758-2502 Email: phill406@msu.edu 
A pickling cucumber variety trial was planted at the Saginaw Valley Research and Extension 
Center (3775 S. Reese Road, Frankenmuth, MI 48734). Seminis, Nunhem’s, and Rijk Zwaan 
seed companies generously donated publicly available parthenocarpic (seedless) and 
predominately female (standard or PF) cucumber seeds to the trial. 
The 72 plots were split into four overlapping blocks. The northern block consisted of six 
replications of six predominately female varieties planted at a rate of one seed per 5 inches 
(Table 1). The southern block consisted of six replications of six seedless varieties planted at a 
rate of one seed per 7 inches (Table 2). Seedless varieties were not isolated from standards. The 
eastern block was sprayed for downy mildew, and featured three replications of each seedless 
and PF variety. The western block was not treated for downy mildew, and featured the same 
three replications of each variety as the eastern treated block. Curbit (3 pt/a), and urea (to supply 
60 lb/a N) was applied to the disked field approximately two weeks before planting. The soil 
type was a Tappan-Londo loam with a poor-moderate drainage classification, typical of the 
pickling cucumber-growing region of Michigan’s Saginaw Valley. 
On June 27, 2014, cucumbers were machine-planted with a Monosem vacuum planter with one 
tablespoon of talc powder per bin. Each plot had four rows that were 27 feet long and 20 inches 
apart, with a 40-inch space (north-south), and a 5-foot break (east-west) between varieties. 
NQ5543, NUN53014, and Puccini cucumber varieties did not flow through the planter well and 
required hand-planting. On July 17, 2014, the cucumbers were thinned. Plots were hoed on July 
17, and August 4. Protective sprays occurred on the eastern spray block with a backpack sprayer 
on July 17 (Bravo and Manzate), July 24 (Bravo and Cabrio), July 30 (Manzate and Previcur 
Flex), and August 6 (Bravo and Previcur Flex). The tank mixes featured rates of Bravo at 32oz/a, 
Manzate at 3lb/a, Cabrio at 16 oz/a, and Previcur Flex at 0.8oz/a. 
Seedless cucumbers were harvested on August 13 (day 49), and PF varieties were harvested on 
August 15 (day 51). Measurements were taken on the same days as each respective harvest. 
Twenty feet of an inner row of each plot was destructively harvested by hand, and all cucumbers 
greater than the diameter of a Sharpie® marker cap were placed into a labeled container. Each 
container was then sent through a sorter to separate cucumber size classes: 4 (>2 inches), 3B 
(1.75-2 inches), 3A (1.5-1.75 inches), 2B (1.25-1.5 inches), 2A (1.06251.25 inches), and 1 (0.5-
1.0625 inches). Cull tallies and harvest weights of each size class were measured separately 
within each plot, and 10 cucumbers were chosen randomly to measure their length and diameter. 
If there were fewer than 10 cucumbers in a size class, then they were all measured. 
Results 
Sprayed cucumbers were free of downy mildew for the duration of the trial, while the unsprayed 
northern block of PF cucumbers were naturally infested with the pathogen starting on July 30. 
Within one week, the pathogen had spread to the seedless cucumbers in the unsprayed southern 
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block. Additionally, seed coatings, talc powder, and hand planting played an important role in 
stand density. Three seedless varieties (NQ5543, NUN53014, and Puccini) were unsuccessfully 
planted with the Monosem vacuum planter when too much talc powder was added to the seed 
bins. Hand-planted plots did not germinate as well, or as densely as the mechanically planted 
plots. Total bushel/acre yield data includes culls, but excludes 1’s. A better estimate of yield can 
be found by taking the percent of culls away from the bu/a estimate. Size class 1 was not 
weighed. 
Two honeybee hives were placed 100 yards away for the entire summer, and they were active in 
all plots. This has been a problem for field-produced seedless varieties, causing misshaped fruit. 
However, cull rates were low in seedless varieties of this trial, and this may have been because 
they started flowering four days before standard varieties, before pollen became available from 
the standard plants. 
Cucumbers sprayed for downy mildew yielded higher than the unsprayed cucumbers and 
contained fewer culls. This was more noticeable in PF cucumbers, which yielded between 1.56 
and 2.24 times more when they were sprayed, and contained 1.6-2.45 times more culls when left 
unsprayed. Yields were significantly greater in sprayed plots of Expedition (3As: P < 0.001, 2Bs: 
P = 0.009) and Logan (2Bs: P = 0.019) (Figure 1). There was also a significant yield difference 
in Logan 2A’s (P = 0.017) and Journey 2A’s (P = 0.003). The highest yielding sprayed and 
unsprayed PF cucumbers were Expedition (501.3 bu/a) and Journey (290.97 bu/a). Seedless 
cucumbers experienced an increased yield factor between 0.84 and 1.77 when sprayed, and had 
0.6-2.99 times more culls when left unsprayed. Yields were significantly greater in sprayed plots 
of Stravinsky (2Bs: P = 0.009) (Figure 1). The highest yielding sprayed and unsprayed seedless 
cucumbers were Gershwin (506.15 bu/a) and RZ09 (390.06 bu/a).  
Overall, there was a higher yield proportion of 3A’s across all varieties (0.36), but also within PF 
(0.39) and seedless (0.33) varieties. 2B’s were the second highest proportion of yield class across 
all varieties (0.29), and within PF (0.26) and seedless (0.32) varieties (Table 2). Conventional PF 
cucumbers yielded 325.82 bu/a on average, while seedless cucumbers yielded 265.22 bu/a on 
average. Within the 3A size class, Expedition and Gershwin yielded significantly more than 
Puccini. Within the 2B size class, SV135CN, Stravinsky, Gershwin, and RZ09 yielded 
significantly more than NQ5543, NUN53014, and Puccini. Within the 2A size class, Logan 
yielded significantly more than NQ5543 and NUN53014. There were no significant differences 
in yield among varieties in the 3B or 4 size classes (Figure 2). 
Acknowlegements 
Special thanks to Paul Horny, Dennis Fleishman, Charlie Bauer, and Chad Bauer, who helped 
immensely with getting the crop in the ground. A more special thanks to my fiancée, Caitlin 
Burkman, for helping harvest and measure cucumbers for 14 hours on a Friday. 
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Figure 1. Performance in bushels/a (Bu/A) of 3As and 2Bs from six sprayed and unsprayed 
standard cucumber cultivars, and six sprayed and unsprayed seedless cucumber cultivars planted 
at the Saginaw Valley Research and Extension Center, Frankenmuth, Michigan. The trial was 
planted at 20-inches between rows, 5 inches in-row for standards, and 7 inches in-row for 
seedless. Protective sprays occurred on the eastern spray block with a backpack sprayer on July 
17 (Bravo and Manzate), July 24 (Bravo and Cabrio), July 30 (Manzate and Previcur Flex), and 
August 6 (Bravo and Previcur Flex). The tank mixes featured rates of Bravo at 32oz/a, Manzate 
at 3lb/a, Cabrio at 16 oz/a, and Previcur Flex at 0.8oz/a. Seedless cucumbers were harvested at 
49 days and standards were harvested 51 days after planting.  
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Figure 2. Performance in bushels/a (Bu/A) of from 12 sprayed cucumber cultivars planted at the 
Saginaw Valley Research and Extension Center, Frankenmuth, Michigan, and the proportion of 
sizes 2A, 2B, 3A, 3B, and 4. Matching letters within similarly colored sections of bars indicate 
no significant differences. The trial was planted at 20-inches between rows, 5 inches in-row for 
standards, and 7 inches in-row for seedless. Protective sprays occurred on the eastern spray block 
with a backpack sprayer on July 17 (Bravo and Manzate), July 24 (Bravo and Cabrio), July 30 
(Manzate and Previcur Flex), and August 6 (Bravo and Previcur Flex). The tank mixes featured 
rates of Bravo at 32oz/a, Manzate at 3lb/a, Cabrio at 16 oz/a, and Previcur Flex at 0.8oz/a. 


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Midwest Vegetable Trial Report for 2014
50
Kohlrabi Variety Evaluation — 2014 
John Strang, Chris Smigell, and John Snyder, Department of Horticulture 
Pam Sigler, Program and Staff Development 
University of Kentucky, Lexington, KY 
Introduction 
Eight kohlrabi varieties were evaluated in a spring replicated trial to determine their performance 
under central Kentucky conditions. Culinary evaluations were conducted to assess consumer 
varietal preferences. 
Materials and Methods 
Varieties were seeded on March 23, 2014, into 72-cell plastic plug trays filled with ProMix MP 
multipurpose organic media (Premier Horticulture, Inc.) at the University of Kentucky 
Horticulture Research Farm in Lexington. Greenhouse-grown transplants were set into black 
plastic-covered raised beds on 6 ft. centers using a water wheel setter on May 9. Beds were 
marked off into 10-foot long plots. Each contained 40 plants of one variety, set 6 inches apart, in 
double rows spaced 12 inches apart. Plots were replicated four times in a randomized, complete 
block design.  
Fifty pounds per acre of nitrogen, phosphorus, and potassium were applied as 19-19-19, prior to 
planting, and tilled in. Approximately 1 cup of starter solution (6 lb of 10-30-20 in 100 gallons of 
water) was applied to each plant at transplanting. The plot was drip-irrigated as needed. Javelin 
Bt insecticide (1.5 lb/A) was applied twice for caterpillar control. 
Kohlrabi (which are actually the plants’ stems) were harvested at a diameter of 2 to 3 inches. 
Harvesting began June 5, and continued at three- to four-day intervals through June 23. 
Marketable kohlrabi were weighed and counted, and number of culls recorded. Kohlrabi 
uniformity was rated in the field. Ten kohlrabi from each replication were measured (length and 
width) and one kohlrabi from each replication was evaluated for external and internal 
appearance, raw product taste, and internal fiber development. 
Consumer panels were conducted on four days at different locations including public libraries 
and the University of Kentucky campus. Thirty-three adults participated. Participants completed 
a survey about shopping and eating patterns of vegetables related to kohlrabi. Participants 
viewed the kohlrabi whole and sliced and sampled raw and diced kohlrabi, and rated their 
opinions. The participants were diverse in age (19 years to 66+), and ethnicity. Eighty-six 
percent were females. 
Results and Discussion 
The spring season was cool, wet, and very good for kohlrabi production. Harvest yield and 
variety characteristics data are shown in Tables 1 and 2. Varieties are ranked based on total 
marketable yield by weight. The top varieties based on Horticultural Research Farm and 
consumer evaluations were Kolibri (purple), Winner, Grand Duke, and Kossak.  
Horticultural Research Farm Evaluations 
Quickstar, Kolibri, Winner, and Kossak tended to produce the higher marketable yields in terms 
of weight, however, there were no statistical differences between varieties in number of 
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marketable kohlrabi per acre (Table 1). Korridor and Purple Vienna tended to have higher 
numbers of cull stems, while Early White Vienna and Purple Vienna kohlrabi showed less shape 
and size uniformity. Purple Vienna plots had some green, off-type kohlrabi. 
Quickstar and Kolibri, a purple variety, were the two earliest maturing varieties. Both had very 
nice external and internal appearances; however, Quickstar had a lingering sulfur aftertaste, 
although this might not be a problem if it is grown as a fall crop. Winner ranked highly for 
internal appearance and taste and was the best midseason variety. Kossak, an 80-day fall storage 
variety, ranked very high for external and internal appearance and taste. This variety, when 
grown to 6 inches in diameter, remained fiber-free and had an outstanding taste. Splitting can be 
a problem with kohlrabi and this was noted on some varieties, but was not excessive. Early 
White Vienna, Grand Duke, and Purple Vienna showed some slight fiber formation towards the 
end of the season.  
Consumer Panel Evaluations 
Ninety percent of the participants were the primary food purchaser and meal preparers in their 
homes. Forty-six percent shop at a farmers market less than once a month, 39% shop at them two 
to three times per month, 7% shop weekly, and 7% never shop at a farmers market. Seventy-six 
percent prepare meals daily and 17% prepare meals two to three times per week.  
The participants were asked if they could recognize these cole crops: broccoli, Brussels sprouts, 
cabbage, cauliflower, collard greens, kale, turnips, and kohlrabi (Figure 1). Forty-two percent 
(N=14) of the participants reported that they could identify kohlrabi if seen at a farmers market. 
The vegetables more often purchased by participants were: broccoli (58% weekly, 36% 
monthly), cabbage (27% weekly, 33% monthly), cauliflower (24% weekly, 36% monthly), kale 
(21% weekly, 21% monthly), and Brussels sprouts (9% weekly, 39% monthly). Fifteen percent 
(N=5) had purchased or prepared kohlrabi, with one person reporting eating kohlrabi weekly 
while the others had eaten them once to four times per year. 
Participants rated each kohlrabi variety for appearance (whole and cut) and taste (texture and 
flavor). All varieties received high ratings for appearance and taste. Consumer taste panel 
evaluations are ranked based on the overall score, a composite of whole and cut appearance, 
texture, and taste (Table 3). Kohlibri, Grand Duke, Winner, and Kossak received the highest 
overall rating scores. After tasting kohlrabi, 96% will consider purchasing in the future. 
In Kentucky, total marketable yield is not a primary grower consideration in selecting a variety 
since sales are limited and most are sold directly to consumers. Consumers use appearance as a 
primary consideration at the market, while texture and taste are the basis for repeat sales.  
Kolibri, a purple variety, was rated the highest for exterior and internal appearance. It also had 
high texture and flavor ratings and had the highest overall score. Grand Duke, Winner and 
Kossak also had very high overall scores. Purple Vienna was rated as tending to have the best 
flavor of the group but lacked somewhat in appearance compared to other varieties. 
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Figure 1. Percent of survey participants eating cole crop types monthly or weekly. 
Table 1. Kohlrabi yield data. 
Variety Yield (lbs/A) 1 
Yield 





Quickstar 7,696 a 15,400 a 7 4.1 a 
Kolibri 7,342 a 14,400 a 12 4.3 a 
Winner 6,260 ab 14,400 a 9 4.0 a 
Kossak 6,136 ab 12,100 a 7 4.5 a 
Korridor 5,852 ab 12,000 a 26 4.6 a 
White Vienna 5,515 ab 11,800 a 18 2.4 b 
Grand Duke 5,196 ab 13,400 a 16 4.1 a 
Purple Vienna 4,291 b 10,100 a 25 2.7 b 
1Numbers followed by the same letter are not significantly different (Duncan Multiple Range Test LSD P = 0.05). 
2Cull percentage of total kohlrabi number. 
3Stem uniformity: 1 = poor; 5 = excellent. 
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Table 2. Kohlrabi variety characteristics. 



















Quickstar RU, SI 37-49 4.6  a 4.0 1.4 3.6 1.0 
Purple streaks on 
some; a few split 
culls; sulfur aftertaste 
Kolibri JS 45 4.7  a 3.9 1.3 4.5 1.0 Purple; several split and small culls	  
Winner CF 57 4.3  a 4.9 1.3 4.6 1.0 Some small ones; tender, juicy 
Kossak JS 80 4.4  a 4.7 1.2 4.8 1.0 
Several small culls; 
no splits; sweet; 
vigorous plants 
Korridor JS 42 4.5  a 4.6 1.2 4.3 1.0 
Small plants; several 
split culls, some 
small culls 
Early White 
Vienna RU 58 3.5  b 4.5 1.1 4.3 1.3 
Mix of round and flat 
ones; several split 
culls 
Grand Duke RU 55 4.4 a 4.8 1.3 4.0 1.3 
A few with purple 
spots, culls due to 
small size 
Purple Vienna CF 55 3.6 b 4.8 0.9 2.6 1.3 
Purple, off-types; 
culls due mostly to 
oblong shape 
1Days to harvest from seed catalogues. 
2Appearance and taste ratings: 1=poor; 5=excellent.  
3Width/height ratio based on the average width and height of 10 turnips per replicate; values >1 indicate wider or 
squatter roots. 
4Internal fiber ratings: 1=no fibers; 5=excessive fibers. 
Table 3. Consumer panel evaluation of kohlrabi appearance and taste. 
Variety 
Appearance1(1-5) Taste1 (1-5) Overall 
Score2 Whole Cut Texture Flavor 
Kolibri 4.2 4.0 4.2 3.8 4.1 
Grand Duke 3.8 3.8 4.2 4.0 4.0 
Winner 3.8 3.7 4.3 4.0 4.0 
Kossak 4.0 3.5 4.4 3.7 3.9 
Purple Vienna 3.6 3.4 4.1 4.1 3.8 
Quickstar 3.8 3.7 4.1 3.5 3.8 
Korridor 3.9 3.9 3.9 3.4 3.8 
Early White Vienna 3.7 3.6 4.0 3.5 3.7 
1Appearance: 1=poor; 5=excellent. 
2A composite scoring of whole and cut appearance, texture, and taste. 
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Biochar as a Soil Amendment in a High Tunnel, 
Polybag Growth System 
Dr. Ron Goldy and Virginia Wendzel 
Southwest Michigan Research and Extension Center 
Benton Harbor, Michigan 
Objectives 
The purpose of this trial is to determine if biochar has an effect on yield and quality of cucumber 
(Cucumis sativus, cv. USAC 8834), tomato (Solanum lycopersicum, cv. Conan), spinach 
(Spinacia oleracea, cv. Bloomsdale), basil (Ocimum basilicum, cv. Italian Large Leaf), Swiss 
chard (Beta vulgaris subsp. cicla, cv. Technicolor), snap dragon (Antirrhinum majus, cv. Rocket 
Mix), and lettuce (Lactuca sativa, cv. Tropicana) in a high tunnel production, polybag system. 
Summary 
Addition of biochar at volumes of 0.5%, 1%, 2%, 4%, and 8% to Morgan’s 301 soil mix did not 
increase yield or quality of cucumber, tomato, spinach, basil, Swiss chard, lettuce, or snap 
dragon. Lack of significant effect could be due to the high organic and nutrient content already 




Biochar was combined with Morgan’s 301 Mix at a volume ratio of 0, 0.5%, 1%, 2%, 4%, and 
8% and placed into five-gallon polybags. Biochar was supplied by Biogenic Reagents and met 
the following standards: 
Surface area: 400 m2/g (min) 
Ash: 5% (max) 
Volatile matter: 5% (max)  
Carbon: 90% (min)  
pH: 7-9 
Biochar was combined with Morgan’s 301 by placing the appropriate ratios into a cement mixer 
and tumbling until they were well mixed. The mix was then placed into the bags. The mix was 
moistened and allowed to sit a minimum of two weeks before planting. 
Fertilizer  
No fertilizer was applied other than what was present in the Morgan’s 301. 
Weed Control 
Weeds were controlled by covering the ground in the tunnel with black ground cloth. 
Planting 
Seven crop species were evaluated: cucumber (Cucumis sativus, cv. USAC 8834), tomato 
(Solanum lycopersicum, cv. Conan), spinach (Spinacia oleracea, cv. Bloomsdale), basil 
(Ocimum basilicum, cv. Italian Large Leaf), Swiss chard (Beta vulgaris subsp. cicla, cv. 
Technicolor), snap dragon (Antirrhinum majus, cv. Rocket Mix), and lettuce (Lactuca sativa, cv. 
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Tropicana). The tomato was set as a transplant on May 23, one plant per bag. The cucumber was 
direct seeded on May 23, one plant per bag. Snap dragons were planted as transplants, three per 
bag on May 15. Spinach, basil, and lettuce were set as transplants, three plants per bag on May 
23. The cucumber, lettuce, and basil were planted a second time in a similar manner. There were 
four bags per plot, with four reps per biochar treatment. 
Plant Care 
Plots were irrigated as needed; no insect and disease controls were needed in 2014. 
Harvest and Data Collection 
Plots were harvested at the suitable stage for that species and graded according to commercial 
standards (tomato and cucumber), weighed (lettuce, spinach, Swiss chard, basil), or number of 
marketable flowers counted (snap dragons). The second cucumber planting did not produce any 
harvestable fruit. Data from the two basil and lettuce plantings were combined. Plots were 
standardized to one or three plants per bag and the data subjected to statistical analysis. 
Results 
Biochar treatments generally had no effect on the species evaluated (Table 1). Significant 
differences were not found in total weight for cucumber, spinach, lettuce, Swiss chard, and total 
number of marketable flowers for snap dragons. Differences were noted in tomato and basil total 
yields (Table 1) but the noted biochar differences were not statistically different than the no 
biochar treatment. Some quality differences were noted in tomato fruit numbers and grades 
(Table 2). However, the differences could not be attributed to the biochar. In cucumber, 
differences were noted only in the weight of number 2 fruit (Table 3). 
Reasons for lack of separation are unclear. Previous biochar studies (Major, et al. 2010) have 
found no differences the first year but significant differences in subsequent years. Biochar also 
has a greater effect on low organic matter and low nutrition soils. Morgan’s 301 is a high organic 
soil and contains a significant amount of nutrients since one of the components is cow manure. 
High nutrient and organic matter levels could explain the lack of separation. Treatment 
differences may occur if the soil mix is used a second year after readily available nutrients are 
utilized or leached from the soil mix not having biochar. 
The cucumber and tomato, and to some extent the basil and Swiss chard, continued to show poor 
growth later in the season. That has become typical of many tunnel-grown crops at SWMREC. 
The crops look good shortly after planting (Figures 1 and 2) but by late July and into August they 
look poor (Figures 2 and 3). It was hoped that the addition of biochar would relieve this 
condition without the addition of fertilizer. 
Literature Cited 
Major, J, Rondon, MA, Molina Lopez, DL, Riha, SJ, and Lehmann, J. 2010. Maize yield and 
nutrition during 4 years after biochar application to a Colombian savanna oxisol. Plant and 
Soil 33:117–128. Available online 
www.css.cornell.edu/faculty/lehmann/publ/PlantSoil%20333,%20117-
128,%202010%20Major.pdf. 





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Figure 1. Growth of four crops in a high-tunnel system at the Southwest Michigan Research and 
Extension Center, Benton Harbor, Michigan, in 2014. Tomato, cucumber, basil, and snap dragon 
(top to bottom). Picture taken 6/12/14. 






Figure 2. Growth of four crops in a high-tunnel system at the Southwest Michigan Research and 
Extension Center, Benton Harbor, Michigan, in 2014. Tomato, cucumber, basil, and snap dragon 
(top to bottom). Picture taken 7/25/14. 






Figure 3. Growth of three crops in a high-tunnel system at the Southwest Michigan Research 
and Extension Center, Benton Harbor, Michigan, in 2014. Tomato, basil, and snap dragon (top to 
bottom). Pictures taken 7/31/14 (basil) and 8/18 (tomato and snap dragon). 
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Hairy Vetch as a Replacement for Synthetic 
Nitrogen 
Dr. Ron Goldy and Virginia Wendzel 
Southwest Michigan Research and Extension Center 
Benton Harbor, Michigan 
Objectives 
The purpose of this trial is to determine if hairy vetch (Vicia villosa) can supply the nitrogen 
needs for slicing cucumber (Cucumis sativus, cv. Diomede), fall squash (Cucurbita pepo cv. 
Royal Ace), pumpkin (Cucurbita pepo cv. Magic Wand), sweet potato (Ipomea batatas, cv. 
Covington), watermelon (Citrullus lanatus var. lanatus cv. Fascination), and zucchini (Cucurbita 
pepo cv. Paycheck).  
Summary 
In this study, hairy vetch proved to be a suitable nitrogen replacement for cucumber, 
watermelon, fall squash, sweet potato, and zucchini. Pumpkin could not be evaluated due to poor 
plant stands between and within treatments. In all species, hairy vetch gave similar yield and 
quality to bare ground and rye treatments, which received 80 pounds/acre nitrogen as polymer-
coated urea (44-0-0). Hairy vetch alone had the highest biomass readings. Taking into account 
the cost of labor and materials for nutrient applications, using hairy vetch as the cover crop the 
previous August would have saved growers $26/acre in 2014. 
Methods 
Site Preparation 
The chosen site had a volunteer rye crop established by disking in the existing mature rye cover 
crop in July 2013. Plots containing hairy vetch were established by drilling either 15 pounds per 
acre (hairy vetch + rye plots) or 25 pounds per acre (hairy vetch alone plots) of hairy vetch seed 
into the existing rye cover crop on 28 August, 2014. Hairy vetch alone plots were treated with 
Select Max on 28 September and 23 April to kill rye and other grass-type weeds. Bare ground 
plots were established by applying Roundup on 28 September and 23 April. On 23 April, 2,4-D 
was applied to rye only plots to kill hairy vetch and other broadleaf weeds. Biomass readings 
were taken for each plot on 28 to 30 May from randomly selected 0.25 square meter squares 
within each plot. Plots were rotary mowed 2 June, then plowed and disked. 
Fertilizer 
After disking and prior to dragging, bed shaping, and planting, 0-0-60, 95% sulfur, and Granubor 
were broadcast and incorporated across all plots at 200, 28, and 15 pounds/acre, respectively. 
Bare ground and rye only plots received 80 pounds/acre nitrogen as polymer-coated urea (44-0-
0). No further nutrients were applied through the season. Soil samples were taken and analyzed 
after nutrient applications. 
Weed Control 
Weeds were controlled through cultivation and hoeing. 
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Planting 
All species were planted 6 June. The sweet potato, cucumber, watermelon, and zucchini were 
placed on raised, plastic-mulched, drip-irrigated beds. Pumpkin and fall squash were planted on 
raised beds with drip irrigation but no plastic. Cucumber, pumpkin, fall squash, and zucchini 
were direct seeded, while watermelon and sweet potato were set as transplants. Sweet potatoes 
were planted 1 foot in the row; cucumbers, fall squash, and zucchini 2 feet in the row; pumpkins 
4 feet in the row; and watermelon 6 feet in the row. Between-row spacing was 5.5 feet. Each plot 
was 35 feet long with the middle 25 feet being the harvested area. 
Plant Care 
Plots were irrigated as needed and insects and diseases controlled using recommended 
commercial practices. 
Harvest and Data Collection 
Plots were harvested at the suitable stage for that species and graded according to commercial 
standards and subjected to statistical analysis. 
Results 
The recommended rate of nitrogen for each of these crop species is 60 to 80 pounds per acre, 
while there are reports that hairy vetch can fix as high as 180 pounds of nitrogen per acre. Hairy 
vetch also fits into many Michigan vegetable and field crop rotations. In southwest Michigan, 
hairy vetch can be planted 1 August to 5 September. This time period is such that growers can 
harvest wheat, oats, and many early harvested vegetables prior to planting hairy vetch. Maximum 
nitrogen accumulation occurs at full bloom, which normally is mid- to late May, providing 
enough time to work the soil and plant other crops in late May or early June. One negative aspect 
of hairy vetch is that all seed will not germinate the year of planting and growers may find it a 
difficult weed to control in subsequent plantings. 
Table 1. Biomass weights from four cover crop treatments at the Southwest Michigan Research 
and Extension Center, Benton Harbor, Michigan, in 2014. 
Treatment 
Pounds/Acre 
Vetch Rye Other Total 
Bare Ground 10 0 32 42 
Rye 504 3,607 500 4,108 
Rye/Vetch 9,634 2,621 846 13,100 
Vetch 20,225 731 864 21,820 
Biomass values responded as expected with the bare ground (Roundup treated) plots averaging 
42 pounds/acre total biomass as the lowest (Table 1). The vetch alone plots averaged the highest 
at 21,820 pounds/acre. The vetch only plots were substantially higher in biomass than rye and 
rye/vetch plots. 
Soil analysis of the plots shortly after planting found similar values for all traits analyzed except 
for ammonium nitrogen levels which were elevated for the bare ground and rye plots, which 
received the 80 pounds/acre of 44-0-0 (Table 2). This was expected due to the addition of the 44-
0-0. 
Midwest Vegetable Trial Report for 2014
64
Table 2. Soil analysis from four cover crop treatments at the Southwest Michigan Research and 
Extension Center, Benton Harbor, Michigan, in 2014. Samples were taken shortly after planting 
on 6 June, 2014. 













Bare 6.5 71 115 144 367 67 4.6 24.4 
Rye 6.0 71 122 161 378 65 3.0 25.0 
Rye/Vetch 6.0 72 83 124 353 73 2.5 5.7 
Vetch 6.0 71 110 142 365 70 2.8 7.6 
Most research trials are conducted to determine the best treatment. In this trial, the desire was to 
hopefully see no difference between treatments. This was essentially the outcome (Table 3). No 
differences were noted in total yield for cucumber, watermelon, or sweet potato. Differences 
were found between some cover crop treatments in total yield of zucchini and fall squash. Some 
vegetable species evaluated also had differences in other traits (Tables 4, 5, 6, and 7). Stand for 
the pumpkin trial was not adequate for good evaluation. 
Results of this research found that it is possible to replace synthetic nitrogen with nitrogen 
supplied by the hairy vetch cover crop. With the cost of the seed and nitrogen fertilizer used in 
this trial, using hairy vetch as the nitrogen source would have saved growers $26/acre. 
Table 3. Total yield from five vegetable crops grown following four cover crop treatments at the 
Southwest Michigan Research and Extension Center in Benton Harbor, Michigan, in 2014. 













Bare Ground 405 1,440 328 39.3 151 
Rye 346 1,251 364 43.6 145 
Rye/Vetch 132 982 310 31.6 122 
Vetch 270 1,251 543 39.3 127 
Lsd 0.05 ns 290 132 ns ns 
Table 4. Total yield, fruit number per acre, and mean fruit weight for Royal Ace fall squash 
grown following four cover crop treatments at the Southwest Michigan Research and Extension 
Center in Benton Harbor, Michigan, in 2014. Numbers in bold are not significantly different that 
the top performer. 
Treatment Total Yield (bu/acre) Fruit/Acre 
Average Fruit 
Weight (gms) 
Bare Ground 328 10,930 683 
Rye 364 11,246 742 
Rye/Vetch 310 9,979 706 
Vetch 543 16,553 747 
Lsd 0.05 132 4,127 ns 
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Table 5. Total yield, fruit number per acre, and mean fruit weight for Fascination watermelon 
grown following four cover crop treatments at the Southwest Michigan Research and Extension 
Center in Benton Harbor, Michigan, in 2014. Numbers in bold are not significantly different than 
the top performer. 
Treatment Total Yield (tons/acre) Fruit/Acre 
Average Fruit Wt. 
(kg) 
Bare Ground 39.3 6,098 5.7 
Rye 43.6 5,861 6.9 
Rye/Vetch 31.6 4,990 5.8 
Vetch 40.6 6,732 5.4 
Lsd 0.05 ns ns 1.1 
Table 6. Yield per acre and fruit quality for Paycheck zucchini following four cover crop 
treatments at the Southwest Michigan Research and Extension Center in Benton Harbor, 
Michigan, in 2014. Numbers in bold are not significantly different than the top performer. 
Treatment Total Yield (half bu/acre) 
Yield No. 1 
(half bu/acre) 




Bare Ground 1,440 761 630 50 
Rye 1,251 710 491 51 
Rye/Vetch 982 612 324 46 
Vetch 1,251 722 468 61 
Lsd 0.05 290 117 194 ns 
Table 7. Yield per acre and fruit quality for Diomede slicing cucumber following four cover 
crop treatments at the Southwest Michigan Research and Extension Center in Benton Harbor, 
Michigan, in 2014. Numbers in bold are not significantly different than the top performer. 
Treatment Total Yield (11/9 bu/acre) 
Yield No. 1 
(11/9 bu/acre) 




Bare Ground 405 178 109 118 
Rye 346 167 94 85 
Rye/Vetch 132 85 12 35 
Vetch 270 140 60 70 
Lsd 0.05 ns ns ns 60 
 






Figure 1. Four cover crop treatments at the Southwest Michigan Research and Extension Center, 
Benton Harbor on 28 May, 2014. Bare ground (upper left), rye (upper right), rye/hairy vetch (lower 
left), and hairy vetch (lower right). 




Figure 2. Hairy vetch cover crop on 28 May 2014 at the Southwest Michigan Research and 
Extension Center Benton Harbor (top). Hairy vetch and rye cover crops (bottom) showing the 
root nodules on the hairy vetch. 
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Figure 3. Close up of a root nodule from hairy vetch with the pinkish color indicating active 








Figure 4. Growth of six vegetable crop species following four cover crop treatments at the 
Southwest Michigan Research and Extension Center. Sweet potato (1), watermelon (2), 
cucumber (3), zucchini (4), fall squash (5), and pumpkin (6). Outside rows are guard rows. 
Pictures taken 31 July (top) and 18 August (bottom). Zucchini plants have been recently cut 
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Nitrogen Release and Disease Suppressive 
Activity of Four Compost Amendments on Three 
Vegetable Farms 
Lori Hoagland1*, Elizabeth Maynard1, Dan Egel2, Natasha Cerruti1, Jeff Evard3, Ben 
Nava4, Steve Spencer5 
1Deptartment of Horticulture and Landscape Architecture, Purdue University, West 
Lafayette, IN; 2
 
Department of Botany and Plant Pathology, Purdue University, West 
Lafayette, IN; 3LIFE Farm, Martinsville, IN; 4EcOhio Farm, Mason, OH; 5Feel Good 
Farm, Sheridan, IN. *Corresponding author: lhoaglan@purdue.edu 
Abstract 
Plant and animal byproducts can replenish soil organic matter, supply nutrients, and influence 
disease incidence on vegetable farms. However, amendment composition and site-specific soil 
and climatic factors that are not well understood affect these processes, making management 
challenging. In this project, repeated applications of four amendments are being evaluated on 
three organic vegetable farms in Indiana and Ohio. Preliminary results indicate that both farm 
and amendment type alter nitrogen availability and pest incidence in cabbage and winter squash. 
Ongoing analyses will determine how resident soil microbial communities are influencing these 
processes, improving our understanding of the role of soil microbes and amendments in crop 
productivity. Results are expected to increase the practice of on-farm research and help organic 
farmers improve nutrient and disease management on their farms.  
Background 
Healthy soil is the foundation of sustainable crop production. Characteristics of a healthy soil 
include: good structure to facilitate water infiltration and plant root growth, a storehouse of 
nutrients released throughout the growing season, and a diverse and active soil microbial 
community that cycle nutrients and help plants withstand biotic and abiotic stress. To maintain 
soil health on intensively managed vegetable farms, growers must continuously replenish soil 
organic matter. Animal and plant byproducts are well known for their potential to contribute soil 
organic matter as well as supply nutrients on organic farms. In some cases, amending soil with 
these byproducts has also been found to suppress soilborne (Hoitink et al., 1997) and foliar 
diseases (Rotenberg et al., 2005). However, effectively meeting crop fertility needs with these 
amendments is challenging, and their application does not always result in pathogen suppression. 
Animal and plant byproducts must mineralize before nutrients are available for crop uptake, but 
the rate at which nutrients are released can vary substantially. The carbon to nitrogen (C:N) ratio 
is one factor that influences nutrient release, though site-specific factors such as moisture and 
tillage also have an effect. Consequently, timing nutrient release with critical periods of crop 
nutrient uptake can be difficult. The amount and rate of nutrient release, particularly N, could 
also influence disease severity in vegetable crops and may be one factor contributing to variation 
in the disease suppressive activity of these amendments. Changes in the composition and activity 
of resident soil microbes and induction of latent resistance mechanisms in plants are other factors 
that could contribute to the disease-suppressive activity of these amendments. Carefully designed 
on-farm experiments that track nutrient release from these amendments will help organic 
vegetable growers improve nutrient management on their farms. Such studies will also help 
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identify factors that influence the disease suppressive activity of these amendments allowing 
growers to better manage diseases on their farms. The specific objectives of this project are to: 
1). identify soil amendments that improve soil health, provide plant available nutrients during 
periods of critical nutrient uptake, and increase crop productivity on organic vegetable farms; 2). 
determine how resident soil microbial communities interact with soil amendments to regulate 
nutrient cycling and disease suppressive activity; and 3). demonstrate and increase the practice of 
on-farm research. 
Methods 
A three-year trial was initiated in spring 2013 to quantify effects of repeated applications of four 
organic fertility amendments (Table 1) on three vegetable farms (LIFE Farm, Martinsville, IN; 
EcOhio Farm, Mason OH; and, Feel Good Farm, Sheridan, IN). The experiments are arranged in 
a randomized complete block design with four replicates on each farm. Amendment application 
rates are based on nitrogen needs of the crop in each year, assuming 50% of the N would become 
available for plant uptake during the current growing season. The chemical composition of the 
carbon compounds in the amendments was determined using 13C-TMAH thermochemolysis. 
Vegetable crops grown in the trial include: cabbage (Brassica oleracea cv. Red Express, 2013), 
squash (Cucurbita pepo cv. Sweet reba, 2014), and tomato (Solanum lycopersicum, cv. to be 
determined, 2015). A winter cover crop mixture of cereal rye (Secale cereale L.) 75% and hairy 
vetch (Vicia villosa) 25% was planted following each vegetable harvest. Vegetable crops were 
evaluated for stand establishment, disease severity, leaf nutrients, and yield and fruit size. Soil 
samples were collected three times during each growing season and once each fall. Soil samples 
were analyzed for soil nutrients, labile soil carbon, microbial activity, microbial community 
diversity, and pathogen suppressive activity. Field days were held at one farm in each year to 
discuss on-farm research methodology, and share results of these trials. 
Table 1. Soil amendments applied annually in three on-farm trials. 
Product (N, P, K) Rate Applied 2013 (lb/A) Rate Applied 2014 (lb/A) 
Fertrell (3-4-3) Bainbridge, PA 8,000 6,000 
Nature Safe (8-5-5) Cold Spring, KY 3,000 2,250 
Verdanta EcoVita (7-5-10) Bioworks, 
Victor, NY 
3,430 2,570 
Vermicompost (1.2-2-1) Nature’s 
Way, Seymore, IN + Fertrell (3-4-3) 
10,000+4,000 7,500+3,000 
Results to Date 
During the 2013 growing-season N availability varied among farms and amendments, with the 
largest differences observed shortly after transplanting. At that time, plant available N averaged 
across the three farms was higher with Nature Safe and Verdanta than with Fertrell or 
Vermicompost +Fertrell (Table 2). Early season plant vigor averaged across the farms was lower 
with Verdanta than with the other amendments, and leaf N was lower with Verdanta than with 
Vermicompost+Fertrell (Table 2). Cabbage yield across the three farms was not affected by the 
amendments (Table 2), however at EcOhio farm, yield was greater with the Verdanta than the 
vermicompost+Fertrell amendment (data not shown). EcOhio and LIFE produced more 
marketable heads and had higher leaf N content (10.4 and 9.8 heads; 4.8 and 4.7% N, 
respectively) than Feel Good Farm (4.0 and 3.7% N).  
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Disease incidence during the 2013 growing season also varied among farms and amendments. 
Rhizoctonia crown and stem rot and pythium root rot caused significant stand loss at Feel Good 
Farm, but no effect of soil amendment on these diseases was observed (data not shown). Black 
rot (Xanthomonas campestris pv campestris) occurred at all locations. When averaged across 
EcOhio and LIFE farms, black rot was worst with Vermicompost+Fertrell, least with Verdanta, 
and intermediate with Fertrell and Nature Safe by the end of the growing season (Figure 1). 
Throughout the season black rot was worse at EcOhio than LIFE. At Feel Good Farm soil 
amendments did not affect black rot. 
Preliminary results of the 2014 growing-season indicate that leaf chlorophyll, which is 
commonly used to estimate leaf N, varied among farms and amendments (data not shown). Leaf 
chlorophyll was greatest at EcOhio, intermediate at LIFE, and lowest at Feel Good Farm. When 
averaged across farms, leaf chlorophyll was greater with Nature Safe than Verdanta and Fertrell.  
Squash yield was greater at LIFE than EcOhio, but there was no difference between the 
amendments. Squash was not harvested at Feel Good Farm due to significant damage by 
flooding. 
Table 2. Plant available soil N (NH4+/NO3-) following transplant, and seedling vigor, leaf N 
content and marketable head number and weight of cabbage in 2013 on three farms. 







Fertrell  106 b 5.3 a 4.3 bcŧ 9.0 0.87 
Nature Safe  191 a 5.2 a 4.6 a 8.5 0.93 
Verdante 163 a 4.6 b 4.5 ab 7.6 0.93 
Vermicompost + Fertell 101 b 5.0 a 4.2 c 7.1 0.93 
1Harvested area = 26 X 6 ft/plot; 279.2 plots/A. ŧMeans within columns followed by different letters differ 
significantly at P<0.05 according to Fisher’s Protected LSD. 
 
Figure 1. Black rot at EcoHio and LIFE Farms following Fertrell (FT), Nature Safe (NS), 
Verdante (VD), and Vermicompost + Fertrell (VM) soil amendments. 
Pest severity during the 2014 growing-season also varied among farms and amendments (data 
not shown). Symptoms of Silverleaf whitefly (Bemisia argentifolli), an insect pest rarely seen in 
Indiana, was evident at both LIFE and Feel Good Farms, but not EcOhio. When averaged across 
the two farms with symptoms, silverleaf severity was worse with Nature Safe than Verdanta. 
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at all three farms. Early in the growing season, powdery mildew was worst at EcOhio, 
intermediate at LIFE, and lowest at Feel Good Farm. When averaged across farms, powdery 
mildew was greater with Fertrell than the other three amendments. At harvest, powdery mildew 
was worse at EcOhio than LIFE, and when averaged across these two farms, damage was greater 
with Nature Safe and Vermicompost+Fertrell than Fertrell. General symptoms of wilt, insect 
damage and leaf browning were greater at EcOhio than LIFE, and downy mildew 
(Pseudoperonospora cubensis) was greater at LIFE than EcOhio, though there were no effects of 
amendment. Preliminary results of pathogen bioassays in soil collected from LIFE farm with 
Rhizoctonia solani, a soilborne pathogen that causes damping off, indicate that infection was 
greater with Nature Safe than the other amendments. 
Practical Implications 
The trials show that two organic fertilizers containing the same percent nitrogen won’t 
necessarily supply that nitrogen to the soil or crop at the same rate. Growers need to evaluate 
fertilizers on a case-by-case basis, and re-evaluate application rates and timings when switching 
to a new product. A resource that may be helpful in this regard is the Organic Fertilizer and 
Cover Crop Calculator from Oregon State University (smallfarms.oregonstate.edu/calculator). 
The calculator has not been validated for conditions in the Eastern United States, but it provides 
a starting point that is better than nothing. 
This research shows that organic fertilizers can affect disease incidence and severity, but because 
we don’t yet know how to predict what the effect will be, it is difficult to make a useful 
recommendation. For particularly problematic diseases, growers may find it worthwhile to make 
careful observations and/or establish trials on their farms to further knowledge about these 
effects.  
Future Directions 
These results indicate that site-specific soil and climatic factors as well as amendment 
characteristics influence nutrient release and disease severity on organic vegetable farms. 
Differences in nitrogen availability have previously been related to disease severity, either 
increasing or decreasing severity depending on the disease, and chemical composition of N 
compounds in soil. Ongoing analyses will determine how resident soil microbial communities 
contribute to these dynamics, increasing our understanding of the role of soil microbes and 
organic amendments in soil and plant health.  
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Northern Ohio Pepper Variety Trial — 2014 
Allen M. Gahler, Ohio State University Extension, Sandusky County 
Matthew Hofelich, Ohio Agricultural Research and Development Center, Fremont 
Peppers are an important crop in both the fresh market and processing market in Sandusky 
County and throughout North Central Ohio, where a significant percentage of Ohio vegetables 
are grown. Many different varieties of peppers are grown by producers with fresh market 
roadside stands, and still others are grown for mid- and late season shipping and processing 
markets, meaning growers demand a diverse selection of pepper varieties and maturities. 
Growers have indicated this diversity should include bell, banana, jalapeno, and poblano 
varieties with different stages of maturity, and bell peppers that offer a variety of mature colors. 
Many new varieties are becoming available to meet these grower demands, and this study sought 
to determine which ones would perform acceptably in northern Ohio and which would have the 
desired traits growers are seeking. For this trial, 23 varieties of bell peppers were grown in four 
replicated plots at the Ohio State University’s North Central Agricultural Research Station near 
Fremont.  
Materials and Methods 
The purpose of this trial was to evaluate a significant number of newer varieties of bell peppers, 
which will help seed companies determine which varieties would be suitable to continue 
breeding and developing for commercial seed sales and will help growers determine which 
currently available varieties would be best suited for their specific market demands, including 
fresh market, shipping, and processing.  
The trial examined multiple varieties of bell peppers. Growers and seed companies suggested the 
varieties to be grown with a strong preference for including new and experimental varieties for 
comparison alongside industry standard varieties. The evaluation used four replicated plots 
grown under best management practices to give growers a fair comparison of the different 
varieties grown on lake bed soils within a normal northern Ohio pepper growing season. Plots 
consisted of 20-foot rows, replicated four times, with randomized variety location within each 
replication.  
The trial was conducted on Colwood fine sandy loam soil on field BN at the North Central 
Agricultural Research Station. Best management practices were utilized prior to and during the 
trial. A wheat cover crop was broadcast seeded on the trial field following a deep chisel on 
October 2, 2013. Peppers were seeded in the greenhouse on May 9, and fertilized with 20-20-20 
at 200 ppm on April 28, May 2, and May 5. On May 8, the field received a broadcast application 
consisting of 400 lbs./A 0-0-60, 200 lbs./A of 11-52-0, 200 lbs./A 46-0-0, and 7 lbs/A of 14% 
granular boron. Raised beds were formed on May 9, and on May 13 the field received an 
herbicide application: 16 oz./A Dual Magnum, 6 oz./A Interlock. Plants were moved outdoors in 
trays on May 12, and received Ag Streptomycin at 200 ppm on May 16, followed by 20-20-20 
fertilizer at 200 ppm on May 19. Transplant occurred on May 23, with 12-inch plant spacing in 
the row, and 0.7 quart of 10-34-0 per 50 gallons of transplant water. Fourteen insecticide and 
fungicide applications were made at approximately seven-day intervals from June 12 through 
September 18. 
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For data collection, five plants at the center of each row were marked for harvest, which occurred 
in bell peppers on August 12, August 27, and September 25. Peppers were evaluated at each 
harvest for yield including quantity and size of fruit, in both marketable and nonmarketable 
categories. Observations were recorded throughout the trial on overall plant performance 
including disease resistance, lodging, maturity, and overall quality of fruit. 
Results and Discussion 
Results of the harvest for each variety of pepper can be seen in the tables below, with total 
harvest data compiled and averaged from all four replicated plots (Table 1). Since maturity and 
fresh market characteristics are an integral part of the desired data, the percentage of total yield 
of both marketable and cull fruit from each variety is also calculated and displayed in Table 2. 
Finally, a chart of observations about each variety is displayed in Table 3. 
The growing season for this trial was cool, with slightly below normal precipitation for Sandusky 
County. Rainfall was 8.7 inches from the transplant date of May 23 through the last harvest date 
of September 29. Rainfall in June and August was normal to above average, with below average 
totals recorded in July and September. In July, 0.8 inch of irrigated water was applied. The 
average temperature throughout the trial was 69.6°F (Weather Underground, Intellicast, USDA-
NASS Ohio Crop and Weather Reports).  
The near normal growing season, with very few weather extremes allowed for an overall 
exceptional crop of peppers with little to no insect pressure and only minor disease issues — 
mainly blossom end rot, which affected some varieties at first harvest, was negligible in presence 
at second harvest, and affected several varieties at third harvest. 
There were significant differences in fruit size, appearance, and maturity in terms of color across 
the varieties within each species of peppers, some of which is reflected in the data tables and/or 
observations. Pictures were taken to record maturity in terms of color in the peppers and can be 
accessed by contacting the researchers. Plant lodging was a nonissue across the entire trial, and 
fruit lodging was insignificant through the first two harvests. There were only minor drop in bell 
peppers prior to third harvest, most notably in varieties 1 (Dashen) and 5 (SW 48). It should be 
noted that dropped fruit was not collected or included in the evaluation, which in some cases 
(such as the two varieties mentioned above) may have skewed the data on cull fruit, especially at 
third harvest. In this instance, there were few culls, but some varieties such as these did have 
would-be culls on the ground. We do not believe it would be statistically significant had we 
included culled fruit, but this merits closer observation on future trials. 
As the results displayed in the tables show, and as expected with the parameters of this trial, 
what is determined to be the most successful variety may be in the eyes of the breeder, the 
grower, or the marketer, depending on their goals. For the purpose of the study to highlight 
differences in varieties in terms of early yields, consistent seasonlong producers, late yields, and 
good ratios of marketable vs. cull fruit, this was certainly accomplished. Without a full color 
picture show to accompany the tables, it is difficult to describe which varieties would excel for 
certain markets in terms of color, quality, and quantity, but conclusions can be drawn based on 
the data and observations alone.  
For producers seeking a one-time harvest of predominantly green peppers, varieties 9 — Bastille 
(Figure 1) — and 13 — PS09954288 — easily showed the best ratio of first harvest marketable 
fruit, but variety 13 also carried a large quantity of culls. In terms of simply topping the tonnage 
chart for marketable fruit, varieties 6 (SQ6517), 9 (Bastille), 19 (Karisma), and 15 (Sprinter, 
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Figure 2) all set themselves apart with more than 90 pounds of fruit produced on the three 
combined harvests of the five plants used for data collection. When that is compared to the total 
pounds of cull fruit off the same varieties, 9 (Bastille) easily has the best ratio.  
 
Figure 1. Pepper variety Bastille. 
When looking for varieties that will produce consistently all season long, variety 2 (Abay, Figure 
3) and variety 15 (Sprinter) stood above the rest in terms of a high quality pepper and significant 
weight of fruit across all three harvests. Each of these varieties was very low in the cull weight 
all season long as well, and with their vibrant color and thick flesh, both should excel on the 
fresh market. 
  
Figure 2. Pepper variety Sprinter. Figure 3. Pepper variety Abay. 
While disease pressure did not present a serious problem throughout the season, some varieties 
did seem to have more issues, mainly with blossom end rot. Almost all culls in the third harvest 
were a result of blossom end rot, and varieties 5 (SW 48), 11 (Cutlass), 13 (PS09954288), and 22 
(SV3964PB) had not only some of the highest cull weights, but suffered from more blossom end 
rot than the other varieties.  
Finally, for those seeking a late-season pepper that matures late and provides a good portion of 
its yield later in the season, variety 15 (Sprinter) again was a leader in quantity and quality, and 
variety 5 (SW48) showed a great bump in yield and quality on harvest three despite exhibiting 
disease and quality issues early in the season.  
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Additional conclusions and useful information can be drawn from the observation comments in 
conjunction with the data present in the tables on what was generally a high-quality, high-
yielding pepper crop.  
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Table 1. Weight and quantity of marketable and nonmarketable fruit for 23 varieties of bell 
peppers. Data represent combined counts and weights from three harvest dates of all four 
replicated plots: August 12, August 27, and September 25. 

























Dashen 1 128 64.65 72 24.46 0.51 0.34 
Abay 2 155 77.15 51 18.80 0.50 0.37 
E2 3 149 69.60 85 27.15 0.47 0.32 
E3 4 146 77.35 53 18.50 0.53 0.35 
SW 48 5 112 54.30 90 33.35 0.48 0.37 
SQ 6517 6 174 98.50 50 19.15 0.57 0.38 
Blitz 7 141 76.85 80 26.75 0.55 0.33 
9.2 8 102 50.15 87 28.95 0.49 0.33 
Bastille 9 160 94.90 37 14.20 0.59 0.38 
Bayonet 10 117 62.40 69 25.85 0.53 0.37 
Cutlass 11 156 81.70 68 25.10 0.52 0.37 
Rampart 12 159 84.35 72 25.55 0.53 0.35 
PS 09954288 13 114 55.60 108 32.55 0.49 0.30 
PS 9928302 14 127 62.25 75 27.85 0.49 0.37 
Sprinter 15 196 88.45 46 16.60 0.45 0.36 
Catriona 16 191 79.85 52 14.60 0.42 0.28 
Summer Sweet 17 133 65.35 58 20.25 0.49 0.35 
Aristotle 18 149 79.85 38 15.40 0.54 0.41 
Karisma 19 183 91.90 59 21.95 0.50 0.37 
Vanguard 20 163 85.10 70 26.10 0.52 0.37 
Currier 21 160 83.85 36 13.30 0.52 0.37 
SV3964PB 22 137 73.25 89 31.60 0.53 0.36 
SV9325PB 23 119 65.10 66 23.20 0.55 0.35 
 averages 146.57 74.89 65.70 23.10 0.51 0.36 
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Table 2. Percentage of marketable and nonmarketable fruit for each of three harvest dates for 23 
varieties of bell peppers. Data represent combined weights from all four replicated plots of all 
three harvest dates: August 12, August 27, and September 25. 
Variety Variety # 
1st 
Harvest 




























Dashen 1 55 16 29 49 33 18 
Abay 2 48 28 24 61 16 22 
E2 3 47 36 17 44 25 30 
E3 4 56 21 24 32 25 43 
SW 48 5 47 21 32 59 23 18 
SQ 6517 6 57 19 24 31 29 39 
Blitz 7 54 22 24 40 26 34 
9.2 8 50 28 22 48 37 16 
Bastille 9 66 15 19 23 22 56 
Bayonet 10 58 26 16 46 26 28 
Cutlass 11 38 41 21 44 21 35 
Rampart 12 57 21 22 53 8 39 
PS 09954288 13 62 17 21 57 12 31 
PS 9928302 14 47 37 16 67 11 22 
Sprinter 15 30 31 40 31 32 37 
Catriona 16 36 46 17 49 16 36 
Summer 
Sweet 17 50 34 15 32 36 33 
Aristotle 18 50 32 18 53 26 21 
Karisma 19 45 33 23 41 31 28 
Vanguard 20 47 29 24 62 17 21 
Currier 21 54 26 20 39 17 44 
SV3964PB 22 49 28 24 58 18 24 
SV9325PB 23 46 39 15 35 39 26 
  averages 50 28 22 46 24 30 
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Table 3. Observations and comments on pepper varieties from throughout the trial. 
Variety Variety # Observations 
Dashen 1 Several with 3 lobes, early-maturing with yellow color dominant throughout harvests. 
Abay 2 Medium maturity, yellow color in about 50% at 2nd harvest. 3rd harvest all yellow, thick-walled, excellent shipping prospect. 	  
E2 3 Smaller than average and variable fruit size, inconsistent maturity. 
E3 4 Dwindling plant health as harvest progressed with increased culls 
SW 48 5 Consistent producer throughout season, but significant culls, will require sorting for fresh market, and potentially short shelf life. 
SQ 6517 6 Highest yielding pepper in trial and largest fruit size, stayed green. 
Blitz 7 Medium maturity, deep red color at 2nd harvest and beyond. 
9.2 8 Significantly lower yielding, but average fruit size. Variable red color with streaking. 
Bastille 9 Great shape and appearance at 1st harvest, blossom end rot on all culls 3rd harvest, but very few early culls. 
Bayonet 10 Noticeable color early, but streaky through all harvests. Noticeable blossom end rot 3rd harvest. 
Cutlass 11 Thin-walled, seems more disease susceptible than average, still green at 3rd harvest, only red all season was rotten. 
Rampart 12 Significant blossom end rot at 3rd harvest. 
PS 09954288 13 Heavy 1st harvest with significant drop in production and small size in later harvests. Good early-season pepper that stays green.	  
PS 9928302 14 Consistent producer with one of best 2nd harvest yields, but overall yield well below average. 
Sprinter 15 
Exceptional quality throughout trial, thick-walled, brilliant color. 
1st harvest fruit was small, but early maturing with plenty of red 
color. Culls were only discarded because of soft touch. Good 
seasonlong fresh market pepper, but may not hold up well for 
shipping.	  
Catriona 16 Long, cone-shaped pepper with early yellow color and strong mid-season yield, good fresh market prospect. 
Summer Sweet 17 Yellow to deep orange flesh; early, great seasonlong color. 
Aristotle 18 
One of the largest fruit size and good plant health with excellent 




Continued on next page 
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Table 3 (continued) 
Variety Variety # Observations 
Karisma 19 Excellent yield by weight and quantity of fruit, yield evenly split across 3 harvests. 
Vanguard 20 All 3rd harvest culls had blossom end rot with cull fruit larger than marketable. 
Currier 21 
Excellent quality with lowest weight of culls in the trial, but 
average yield with inconsistent fruit size. Deep red color that 
develops early. 
SV3964PB 22 Below average yield with significant culls, and noticeable fruit drop. 
SV9325PB 23 Thick-walled, short but heavy fruit. Low yield, mid-range color development.	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2014 Evaluation of Hybrid Bell Pepper Varieties 
for High Tunnel Production in Kansas 
Kimberly L. Oxley and Cary L. Rivard 
Kansas State University 
Dept. of Horticulture, Forestry, and Recreation Resources, Manhattan, KS 
High tunnel (hoop house) production of vegetables has become quite common in Kansas as they 
protect the crop from wind and storm damage in addition to providing season extension. We 
conducted a variety trial of bell peppers grown in a high tunnel to determine which cultivar is 
best suited for hoop house cultivation in the Great Plains. Ten commercially available varieties 
were tested and yields ranged from 10.3 to 11.7 lbs of total fruit per plant. The three varieties 
with the highest marketable fruit number were ‘Chesapeake,’ ‘Red Knight,’ and ‘Declaration.’ 
However, ‘Chesapeake’ had the smallest average marketable fruit size and was statistically 
significant compared to all of the other varieties (P<0.05). ‘Red Knight’ and ‘Declaration’ had 
the highest average marketable fruit weight. 
Introduction 
Fresh-market bell peppers are a valuable crop for vegetable growers in Kansas, and can be grown 
successfully in high tunnels. Bell peppers are a valuable commodity that are sold through 
farmers’ markets and CSA’s as well as wholesale markets and restaurant sales. Due to the crop 
requirements (planting dates, soil temperature, crop height), three-season high tunnels provide an 
excellent system for bell pepper production. The goal of our study was to investigate the 
performance of ten hybrid bell pepper (green to red) varieties for fresh-market production in high 
tunnels. 
Materials and Methods 
The trial was conducted at the Olathe Horticulture Research and Extension Center located 
approximately 30 miles southwest of Kansas City. Transplants were grown in soilless potting 
media using 50-cell propagation trays. Seeds were sown on March 17, 2014 and transplanted to 
50-cell trays on March 31. Transplants were set on May 9 in one bay of a multi-bay high tunnel 
(96 x 200 foot Haygrove Multibay High Tunnel) in the outer two (of four) rows. A randomized 
complete block design was utilized with four replications (two reps per 200 feet of row). The 
high tunnel trial had five plants per plot and in-row spacing was 18 inches, typical of commercial 
pepper production. Preplant crop nutrients were provided by calcium nitrate and potassium 
nitrate using equal portions of nitrogen at 75 lbs nitrogen/acre total. Plastic mulch and drip 
irrigation were employed and the stake-and-weave method was utilized to trellis the plants 
vertically. Fertigation was carried out at a rate of 10 lbs nitrogen/acre per application on July 15 
and 23, and August 7. Calcium nitrate was used for the first and third fertigation events and 
potassium nitrate was used for the second fertigation. Harvesting was carried out from July 9 
until October 2. During the last harvest, all fruit larger than 5 cm were picked. Fruit were graded 
for marketability, and fruit number and weight were recorded. Average fruit size and percent 
marketability were determined and are presented below. All data were analyzed using ANOVA 
(PlotIt, Scientific Programming Enterprises, Haslett, MI), and a mean separation test was carried 
out by using an F-protected least significant difference (LSD) test. A separate analysis was 
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carried out for each individual observation and the results of the LSD test are shown where 
statistically significant treatment effects occurred.  
Results and Discussion 
Table 1. Marketable and total per plant fruit yield of green pepper varieties grown in a three-
season high tunnel in Olathe, Kansas. 
Variety 
Marketable Total 
Number Weight (lbs) Number Weight (lbs) 
Chesapeake 42.0 e 9.55 48.7 c 10.44 
Red Knight 37.3 cd 10.10 44.0 bc 11.31 
Declaration 36.2 bc 10.25 43.6 bc 11.69 
Intruder 33.5 abc 9.47 36.8 a 10.30 
Currier F1 33.3 abc 9.60 39.6 ab 10.93 
Archimedes 32.6 ab 9.16 42.7 b 11.52 
Karisma 32.1 ab 9.75 38.8 ab 11.25 
Vanguard 31.2 a 9.09 41.1 ab 11.31 
Blitz 30.1 a 8.90 43.2 b 11.23 
Olympus 29.6 a 8.89 41.9 ab 11.24 
LSD (0.05) 4.7   NS 5.5   NS 
Table 2. Mean pepper fruit size (lbs) and marketability of green pepper varieties grown in a 
three-season high tunnel in Olathe, Kansas. 
Variety 
Average Fruit Size (lbs) Percent Marketability 
Marketable Total Number Weight 
Chesapeake 0.23 a 0.21 a 85.6 cd 90.8 b 
Red Knight 0.27 b 0.26 b 85.3 cd 89.6 b 
Declaration 0.28 bc 0.27 bc 83.5 c 86.6 b 
Intruder 0.28 bc 0.28 bc 90.9 d 91.7 b 
Currier F1 0.29 bc 0.28 bc 84.0 cd 87.8 b 
Archimedes 0.28 bc 0.27 bc 76.1 ab 78.7 a 
Karisma 0.30 c 0.29 c 82.7 bc 86.4 b 
Vanguard 0.29 bc 0.28 bc 76.0 ab 80.0 a 
Blitz 0.30 bc 0.26 b 69.9 a 79.2 a 
Olympus 0.30 bc 0.27 bc 70.6 a 78.3 a 
LSD (0.05) 0.03   0.03   7.3   5.9   
In our trial, there were no statistically significant differences between any of the varieties in 
regards to marketable and total yield as measured by fruit weight. However, there were some 
differences observed in fruit number (P<0.05). ‘Chesapeake’ had the highest marketable and 
total fruit number per plant. Marketable fruit number of ‘Chesapeake’ was statistically similar to 
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‘Red Knight’ and ‘Declaration,’ but was higher than the other varieties that were tested (P<0.05). 
‘Karisma’ had the highest average marketable fruit size, but was statistically similar to 
‘Olympus,’ ‘Blitz,’ ‘Vanguard,’ and ‘Currier F1.’ ‘Chesapeake’ had a particularly low average 
marketable fruit size and was statistically lower than all the other varieties. In 2013, ‘Karisma,’ 
‘Vanguard,’ and ‘Olympus’ had the highest average fruit size in a similar trial. Depending on 
how important average fruit size is to the market, this data can be interpreted differently. If 
smaller fruit are accepted/preferred for market, ‘Chesapeake’ may be an ideal variety as peppers 
are typically sold per piece at retail markets. However, if larger fruit are preferred, ‘Declaration’ 
or ‘Currier F1’ may be more valuable as they maintain good fruit size and have higher yield 
(weight) than many of the other varieties tested. Similar to 2013, ‘Intruder’ had the highest 
percent marketability although ‘Chesapeake’ and ‘Red Knight’ were statistically similar. A large 
portion (>80%) of the fruit quality problems seen in this trial was the result of blossom end rot 
(BER). Although the cull fruit were not graded specifically for this issue, the results seen in this 
study were most likely the result of a lower incidence of BER.  
Total weekly fruit yield was plotted in order to summarize early vs. mid- and late-season 
production (data not shown). In contrast to the 2013 trial, several varieties showed excellent 
production early and mid-season, whereas in 2013 the majority of the yield came in September. 
Three varieties showed high potential for early-season production, which can be advantageous 
for marketing high-value fruit. In particular, ‘Karisma,’ ‘Blitz,’ and ‘Declaration’ showed the 
highest yields during July (data not shown). At the peak of the season, ‘Currier F1,’ ‘Intruder,’ 
‘Vanguard,’ and ‘Archimedes’ had the highest production and were dramatically higher than the 
other varieties tested. During the peak harvest, and throughout the month of August, ‘Blitz’ had 
very poor production. ‘Red Knight,’ ‘Chesapeake,’ and ‘Archimedes’ had the highest yields late 
in the season (data not shown). 
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Kentucky Bell Pepper Variety Trial — 2014  
Shubin K. Saha and Lucas Hanks, University of Kentucky, Lexington, Kentucky  
Bell pepper (Capsicum annum L.) is the eighth largest fresh market vegetable with respect to 
area of production in Kentucky. Bell peppers were grown on 162 acres accounting for 2.3% of 
the total fresh market vegetable acreage in 2013 (USDA, 2013). Bell peppers are grown in 
various areas across the state both in open fields and high tunnels. Most of the producers are 
smaller, however, there is one large wholesale operator in Pulaski County and one new 
wholesale operator in Scott County. In the 1980s there was a fairly significant amount of 
processing pepper production in the state, but due to consecutive losses over a few years due to 
bacterial leaf spot, the processors closed facilities and left the state. Given the increased demand 
for local food and the quality of pepper that can be produced in the state, there is likely an 
opportunity for continued growth in bell pepper acreage. Variety selection continues to be one of 
the primary decisions producers make each season to meet their needs with respect to high yield, 
resistance to abiotic disorders (e.g., blossom end rot), and good fruit uniformity. Harvest 
maturity for timing of market windows is also generally a consideration for producers. Aristotle 
has been and remains one of the primary bell pepper varieties grown east of the Mississippi 
River, accounting for approximately 60% of the market. The objective of the experiment was to 
evaluate 15 bell pepper varieties grown under Midwestern United States growing conditions at 
the University of Kentucky Horticulture Research Farm in Lexington, Ky. 
Materials and Methods 
The experiment was established when seeds of 15 bell pepper varieties were sown in 50-cell 
black seedling flats (Landmark Plastic, Akron, OH) on April 11, 2014, using Jiffy-Mix #17 (Jiffy 
Products of America, Lorain, Ohio) as the transplant production media. All varieties were 
transplanted in the field in their designated plot based on the randomized complete block design 
on May 21, 2014. Experimental plots were 30 feet in length. Beds were spaced on 6-foot centers 
with double rows. In a given bed there was a 12-inch in-row spacing and 15 inches between 
rows.  There were three replicates of each variety and 30 plants in each plot. Plants were trellised 
around the perimeter of each double row with 30-inch wood stakes and string. 
Preplant fertilization consisted of 109 lbs of urea (46-0-0) and 120 lbs of sulfate of potash (0-0-
50) per acre based on soil nutrient analysis and fertility recommendations of the ID-36 Vegetable 
Production Guide for Commercial Growers (Bessin, et al., 2014). Raised beds were formed and 
covered in black plastic mulch (4 ft x 1 mil, Filmtech Plastics of the Sigma Plastics Group, 
Lyndhurst, NJ), while drip tape (8-inch emitter spacing, 30 gph/100 ft, Aqua Traxx, The Toro 
Company, Bloomington, MN) was installed under the plastic to allow for irrigation during the 
season as needed. Fertigation applications at 10 lbs N per acre were made weekly alternating 
calcium nitrate and potassium nitrate from June 4 to August 29. Weeds on the shoulders of the 
beds were weeded by hand and with the use of a scuffle hoe. Row middles were cultivated for 
weed management.  
A preventative fungicide program was utilized as found in the ID-36 Vegetable Production 
Guide for Commercial Growers (Bessin, et al., 2014). Fungicides/bactericides utilized included: 
Nordox, Manzate Prostik, Chlorothalonil, and Cabrio. Scouting was conducted on a weekly basis 
for arthropod pests. Insecticide and/or miticide applications were made based on the scouting 
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report. Insecticides used included: Mustang Max, Baythroid XL, Brigade 2, Montana, Javelin, 
Assail, Oberon, and Dipel. 
Fruit were harvested once per week for a total of nine harvests from July 16 to September 12.  
Fruit were graded using USDA guidelines (USDA, 2005). Thirty fancy fruit from each variety 
(10 from each replication over the entire harvest) were evaluated for diameter, length, wall 
thickness, and average number of lobes. Yield data were analyzed by general linear model and 
means were separated with Fisher’s least significant difference test using SAS statistical 
programs (SAS Institute, Cary, NC.). Conversion to acres was done assuming a plant population 
of 14,500 plants per acre. 
Results and Discussion 
Yields in 2014 ranged from 132-166 pounds per plot or approximately 64,000-81,000 pounds per 
acre (Tables 1 and 2). Karisma had greater total fruit weight per plot (166.7 lbs) over nine 
harvests as compared to the standard (Aristotle) and all other varieties with the exception of 
Currier and Bastille (Table 1). For the total weight and fruit number, fancy grade fruit accounted 
for 38% of the total number and 48% of the total weight for Karisma (Table 1). Currier and 
Bastille also had similar distributions of fancy fruit relative to the total.  
During the early harvest period, Currier had greater total fancy fruit weight as compared to eight 
of the varieties in the trial (Table 3). Varieties that had comparable fancy fruit weight in this 
period include: Aristotle (standard), ACX251Y, Excursion II, Karisma, Bastille, and Vanguard. 
During the middle three harvests, there were no significant differences in yield amongst any of 
the varieties. However, Vanguard and Aristotle had middle harvest of fancy fruit weight per plot 
at 12.8 and 4.8 pounds, respectively (Table 4). For the last three harvests, Karisma and Excursion 
II had greater fancy fruit weight per plot compared to six of the 15 varieties (Table 5). Other 
varieties that did not statistically differ from those two for fancy fruit weight include: E3, 
Islamorada, Currier, Aristotle (standard), ACX297, Bastille, and Vanguard (Table 5). 
Fancy grade fruit characteristics differed significantly among all varieties for diameter, height, 
number of lobes, but not for wall thickness. Rampart had significantly greater average fruit 
diameter (4.09 inches) than all varieties with the exception of Enforcer, Vanguard, Bastille, and 
Islamorada (Table 6). All varieties were similar to Aristotle (standard) with respect to fruit 
diameter except Rampart and Excursion II, which were 4.09 and 3.67 inches respectively (Table 
6). Aristotle had greater average fruit height as compared to the other varieties with the exception 
of Currier, Bayonet, ACX251Y, ACX297, Islamorada, Bastille, and Vanguard (Table 6).  
From a practical perspective, there are varieties that are comparable to the industry standard, 
Aristotle, in commercial production systems worth trying. Based on a single year of evaluation, 
varieties that could be comparable or better in yield and fancy fruit characteristics include: 
Karisma, Currier, and Bastille. However, at minimum an additional season’s worth of data to 
confirm the results would be best. The results do show promise of new options for bell pepper 
producers. 
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Evaluation of 18 Specialty Potatoes 
in Southwest Michigan 
Dr. Ron Goldy and Virginia Wendzel 
Southwest Michigan Research and Extension Center 
Benton Harbor, Michigan 
Objective 
The purpose of this trial is to evaluate the performance of 18 specialty potato selections for their 
adaptability to southwest Michigan growing conditions. This is the third year for evaluating 
specialty potatoes in an attempt to encourage farmer’s market vendors to make them part of their 
offerings.  
Summary 
Nineteen potato cultivars were evaluated for their production potential in southwest Michigan. A 
range in yield and tuber quality was found in the entries. Entries included russets, fingerlings, 
and other tuber types; therefore, the trial as a whole was not subjected to statistical analysis. The 
three russet tuber types (Rio Grande Russet, Canela Russet, and Russet Burbank) were subjected 
to analysis. Rio Grande Russet had a statistically higher total yield compared to Russet Burbank. 
The three entries were similar in other traits evaluated. 
Methods 
Fertilizer 
Prior to planting, polymer-coated urea (44-0-0), 0-0-60, 95% sulfur, and Granubor were 
broadcast and incorporated at 70, 200, 28, and 15 pounds/acre, respectively.  After planting, 
nutrients were applied through a drip system using Nitro Plus (18N-5Ca-1.5Mg and a proprietary 
growth regulator) and 28% nitrogen (28-0-0). Nitro Plus was applied at 15 gallons per acre on 
June 16, 23, 30, and July 7. The 28% was applied July 14, 21, 28, August 3, 11, and 18 for a total 
nitrogen rate of 164 pounds per acre. 
Weed Control 
Weeds were controlled through cultivation and hoeing. 
Planting 
Seed potatoes were obtained from Potato Garden and entry descriptions can be found at 
www.potatogarden.com.  Seed pieces were prepared May 16, 2014, and planted June 2. Seed 
pieces were placed 12 inches apart in the row in plots 15 feet long with between row spacing of 5 
feet. The wide row spacing was due to equipment restrictions. The trial was planted as a 
completely randomized design, however, due to different tuber types statistical analysis was only 
conducted for the three russet types. 
Plant Care 
Drip lines were placed over the rows after planting and prior to hilling and the plants irrigated as 
needed. Disease and insect pests were controlled using standard commercial practices. 
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Harvest and Data Collection 
Plots were harvested between September 3 and September 26 and graded into Number 1, 
Number 2, and Cull tubers. 
Results 
The 19 entries ranged in total yield from 49.1 for Ozette Fingerling to 183.6 cwt/acre for Early 
Rose (Table 1). These yields are lower than commercial yields partially due to the higher than 
recommended between row spacing of 5 feet. Yields could potentially be doubled simply with 
closer in-row and between-row spacing. However, even with tighter spacing, yield for some 
entries would still be considered low. Planting time was two weeks later than earlier trials. Go to 
www2.ag.purdue.edu/hla/fruitveg/MidWest%20Trial%20Reports/2012/06-01_Goldy_Potato.pdf 
for results of those trials. The 2014 growing season was also cooler than 2012. Taken together, 
these two reasons could account for a significant yield reduction. The entries had a wide range of 
skin and flesh colors as can be seen in the figures at the end of this report. 
Number 1 tubers ranged from 41.8 cwt/acre (Kipfel Fingerling) to 167.1 (Ker’s Pink). Number 2 
weights ranged from 0.7 cwt/acre for Red Thumb Fingerling to 47.7 for Bintje. Many of the 
tubers graded into culls were due to “knobby” tubers. This trait is often due to inconsistent 
watering, which allows for axillary buds to begin growing during times of sufficient soil 
moisture. This was not as significant in 2014 as it was in 2012 due to timely rain events and drip 
irrigation during 2014 compared to the hot, dry conditions of 2012. 
Yield of the three russet entries subjected to statistical analysis ranged from 92.4 cwt/acre for 
Russet Burbank to 164.3 for Rio Grande Russet (Table 2). Rio Grande Russet and Canela Russet 
were statistically similar in total yield (Table 2), but they were all statistically similar in Number 
1, Number 2, or Cull tubers. Canela Russet exhibited a much stronger russeted skin than did Rio 
Grande Russet and Russet Burbank. 
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Table 1. Yield in hundredweight per acre (cwt/a) of 18 potato cultivars grown in 2014 at the 
Southwest Michigan Research and Extension Center, Benton Harbor, Michigan. Plant spacing 
was 5 feet between rows and 1 foot in the row. 











Ozette Fingerling 49.1 45.3 1.5 2.3 W W 
Kipfel Fingerling 53.4 41.8 8.9 2.7 W W 
La Ratte Fingerling 61.7 51.2 9.9 0.6 W W 
Rose Finn Apple Fingerling 67.1 53.0 11.3 2.8 R W 
Garnet Chile 77.0 63.9 11.3 1.8 P W 
Nooksack 77.0 63.5 8.5 5.0 W W 
Corte D’Ours 79.1 60.8 16.8 1.5 P W 
Russet Burbank 92.4 75.6 410.4 6.4 Ru W 
Red Thumb Fingerling 103.4 97.1 0.7 5.6 R P 
Austrian Crescent 117.1 100.0 13.1 4.0 W W 
Canela Russet 133.5 115.9 10.2 7.4 Ru W 
French Fingerling 147.7 133.1 5.0 9.6 R W/R 
German Butterball 152.9 145.2 7.2 0.5 W W 
Green Mountain 159.8 144.7 9.5 5.6 W W 
Rio Grande Russet 164.3 138.6 20.8 4.9 Ru W 
Kerr’s Pink 175.3 167.1 2.1 6.1 P W 
Bintje 177.4 124.3 47.7 5.4 W W 
Early Rose 183.6 157.1 19.5 7.0 P W 
1Color: W=white, R=red, P=pink, Ru=russet. 
Table 2. Yield in hundredweight per acre (cwt/a) of three russet potato cultivars grown in 2014 
at the Southwest Michigan Research and Extension Center, Benton Harbor, Michigan. Plant 
spacing was 5 feet between rows and 1 foot in the row. Numbers in bold are not statistically 
different than the best performer. 
Cultivar Total cwt/a No. 1 cwt/a No. 2 cwt/a Cull cwt/a 
Rio Grande Russet 164.3 138.6 20.8 4.9 
Canela Russet 133.5 115.9 10.2 7.4 
Russet Burbank 92.4 75.6 410.4 6.4 
Lsd .05 54.3 ns ns ns 
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Pumpkin Cultivar Production & Quality 
Evaluations — 2014 
Brad R. Bergefurd, Horticulture Specialist and Extension Educator; 
Wayne Lewis and Thom Harker, The Ohio State University Piketon Research & Extension 
Center, 1864 Shyville Road, Piketon, Ohio 45661 
Pumpkins are one of the most widely grown crops throughout Ohio and other midwestern states, 
and acreage and consumer demand continue to grow. Spending on decorations for Halloween is 
second only to spending at Christmas, according to the National Retail Federation. New cultivars 
need to be researched to keep up with market demand. This field trial screened new pumpkin 
variety releases for their production performance under southern Ohio growing conditions and to 
evaluate yield potential and fruit quality characteristics for Ohio markets. 
Materials and Methods 
This trial evaluated 24 pumpkin cultivars for their production suitability, performance, and 
quality attributes under southern Ohio growing conditions. Cultivar selections were new releases 
along with industry standard varieties. Input was received from seed companies, growers, and 
industry personnel regarding variety selection and standard comparison. Seeds were direct-
seeded to the field on June 2nd. Rows were spaced 8 feet apart with seeds planted 3 feet apart in 
the row. The experimental design was a randomized complete block design with 4 replications 
per cultivar. Field trials were located in southern Ohio, at The Ohio State University Piketon 
Research & Extension Center at Piketon, Ohio (lat. 39.07° N, long. 83.01° W, elevation 578 ft.). 
The experimental soil is designated as a DoA—Doles silt loam, with 0%–3% slopes. It is a deep, 
nearly level and somewhat poorly drained soil. One-hundred (100) pounds of N, P2O5, and K2O 
per acre were applied prior to planting. A standard commercial fungicide and insecticide 
program was implemented, following recommendations from the Midwest Vegetable Production 
Guide for Commercial Growers (Purdue Extension publication ID-56). Weeds were controlled 
with cultivation and hand hoeing.  
Results and Discussion 
Overall plant and fruit quality was good in the 2014 season. Drip irrigation was applied as 
needed throughout the growing season. Overall fruit yield and quality was good for this trial. 
Fruit were harvested on September 25th. Fruit color was rated based on color charts from the 
Royal Horticulture Society (Version V).  
This season’s pumpkin screening contained jack-o’-lantern, large-sized, pie-type, and specialty 
type pumpkins. The jack-o’-lantern and specialty pumpkins’ marketable-pounds-per-acre ranged 
from 63,307 lbs. (Mustang) to 24,171 lbs. (Corvette).  Average fruit weight ranged from 24.07 
lbs. (Cronus) to 9.37 lbs. (Corvette) (Table 2).  
The pie and mini pumpkins marketable-pounds-per-acre ranged from 25,360 lbs. (Half Pint) to 
7,519 lbs. (Jack be Little). Average fruit weight ranged from 2.93 lbs. (Mischief) to .48 lbs. (Jack 
be Little) (Table 1).  
  
Midwest Vegetable Trial Report for 2014
109
Acknowledgments 
We wish to thank the Ohio Vegetable and Small Fruit Research and Development Program for 
their support of this pumpkin research and for providing partial funding for this study, and to the 
seed companies for their in-kind contributions to conduct this field research. 
Table 1. Pie and mini pumpkin cultivar yields in Piketon, Ohio. 




Weight (lb.) 1 Seed Source 
Half Pint 15,791 A 25,360 A 1.52 B HL 
Jack Be Little 15,246 A 7,519 B 0.48 C HL 
Jill Be Little 16,244 A 9,021 B 0.56 C HL 
Little Giant 5,264 B 14,565 AB 2.78 A HM 
Mischief 8,077 B 23,491 A 2.93 A HM 
LSD 7,123 12,192 0.57  
1Values with the same letter are not significantly different. 
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Table 2. Total marketable yield and fruit per acre for Jack-O’-Lantern and Specialty pumpkin 
evaluations in Piketon, Ohio. 




Weight (lb.) 1 
Seed 
Source 
Apollo 2,631 BCDEFG 42,162 BCDE 15.86 DEFGH HM 
Camaro 2,722 ABCDEF 46,754 ABC 17.29 BCDEF HL 
Cargo 1,815 G 33,832 CDE 18.69 BCD JS 
Challenger 2,994 ABCDE 53,824 AB 17.76 BCDE HL 
Champion 2,087 FG 42,149 BCDE 20.10 BC JS 
Charisma 3,720 A 44,926 BCD 11.69 IJK JS 
Corvette 2,450  24,171 E 9.37 K HL 
Cougar 3,085.5 ABCD 41,387 BCDE 13.34 GHIJ HL 
Cronus 1,996.5 FG 47,789 ABC 24.07 A HM 
Expert 2,722.5 BCDEFG 41,092 BCDE 15.15 EFGHI JS 
Gladiator 2,178 DFG 32,443 CDE 14.90 EFGHI JS 
Mustang 3,085.5 ABCD 63,307 A 20.45 B HL 
New Racer Plus 3,539.3 AB 36,400 BCDE 10.37 JK JS 
Polar Bear 1,815 G 33,600 CDE 17.97 BCDE JS 
Racer 3,176.3 ABC 38,233 BCDE 12.05 IJK JS 
Rhea 2,904 ABCDEF 48,043 ABC 16.79 CDEFG HM 
Rival 2,994.8 ABCDE 39,830 BCDE 12.86 HIJ JS 
Rockstar 1,905.8 G 28,055 DE 14.15 FHGI JS 
Warty Goblin 2,994.8 ABCDE 37,580 BCDE 12.33 IJK HM 
LSD 958  18,264  3.46   
1Values with the same letter are not significantly different. 
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Table 3. Color quality ratings for Jack-O’-Lantern and Specialty type pumpkin evaluations in 
Piketon, Ohio. 
Cultivar RHS # Color1 
Apollo 24B 68 Strong Orangish Yellow 
Camaro 21A 66 Vivid Orangish Yellow 
Cargo 20A 83 Brilliant Yellow 
Challenger 17B 82 Vivid Yellow 
Champion 24A 50 Strong Orange 
Charisma 21B 67 Brilliant Orangish Yellow 
Corvette 21A 66 Vivid Orangish Yellow 
Cougar 21B 67 Brilliant Orangish Yellow 
Cronus 24A 50 Strong Orange 
Expert 23A 66 Vivid Orangish Yellow 
Gladiator 24A 50 Strong Orange 
Mustang 21A 67 Vivid Orangish Yellow 
New Racer Plus 21A 67 Vivid Orangish Yellow 
Polar Bear 155B 92 Yellowish White 
Racer 24A 50 Strong Orange 
Rhea 23A 66 Vivid Orangish Yellow 
Rival 24A 50 Strong Orange 
Rockstar 24A 50 Strong Orange 
Warty Goblin 24A 50 Strong Orange 
Half Pint 25C 49 Brilliant Orange 
Jack Be Little 25C 49 Brilliant Orange 
Jill Be Little 21A 66 Brilliant Orangish Yellow 
Little Giant 24A 50 Strong Orange 
Michief 24A 50 Strong Orange 
1Color rating: RHS Horticulture Color Charts. 
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West Virginia Pumpkin Cultivar Evaluations 2014 
Lewis W. Jett, State Extension Horticulture Specialist, West Virginia University 
 Rodney Wallbrown, West Virginia University Mason County Extension 
J.J. Barrett, West Virginia University Wood County Extension 
J. D. Johnson, West Virginia University Jackson County Extension 
Pumpkins (Cucurbita sp. L.) are a very popular fall crop in West Virginia. Each year, new 
commercial cultivars are released and growers must choose the appropriate cultivars for their 
respective markets. To increase the supply of locally grown pumpkins, growers who have winter 
feedlots can use these small land plots to grow pumpkins for direct market. In addition, the 
pumpkin crop will use the residual nitrogen from the feedlot livestock and reduce leaching into 
adjacent streams or ponds.  
Materials and Methods  
Thirty-one pumpkin cultivars were evaluated on a commercial farm in Mason County 
(southwest), West Virginia (38.7°N lat.). The soil type was a Moshannon silt loam with a base 
pH of 6.0. Prior to planting 46 lbs. of N, 19 lbs. P2O5, and 100 lbs. K2O were applied to the test 
plot area (0.6 acres). The plot had been a commercial feedlot for five months prior to planting, so 
residual nitrogen and other nutrients were present. The pumpkin cultivars were seeded into 50-
cell transplant trays and grown as transplants for three weeks before being hand-planted on June 
25, 2014. Each plot was 35 feet long with 6 feet between rows and 4 feet between plants, 
resulting in approximately 1,815 plants/acre. Standard pest management practices were 
employed, although no fungicides were used to control powdery mildew. The experimental 
design was a randomized complete block design with three replications per cultivar. Marketable 
fruit were harvested on October 5, 2014 and sorted into marketable and nonmarketable before 
weighing and measuring quality variables such as color and stem quality. Color was rated based 
on color charts from the Royal Horticulture Society (Version V).  
Results and Discussion 
Average fruit size ranged from 0.5-26 lbs. across all cultivars with ‘Jill-B-Little’ and ‘Jack-B-
Little’ the smallest fruit harvested and ‘Polar Bear,’ ‘Mammoth Gold,’ and ‘Champion’ the 
largest average fruit weight harvested (Table 1, 2). ‘Apollo’ had excellent yields and color, but 
fair stem quality (Table 3). Likewise ‘Champion’ and ‘Challenger’ had excellent color and yield 
for a jack-o-lantern size pumpkin and fair stem quality. ‘Camaro’ and ‘Mustang’ have excellent 
size, yield, and uniformity with powdery mildew tolerance. However, fruit color on ‘Mustang’ is 
not dark orange and stem quality is not consistently high. ‘Racer’ was uniform in size and 
quality, but average weight was less than 15 lbs. per pumpkin in this trial. ‘Rockstar’ had high 
marketable yields with excellent color and stem quality. ‘Rhea’ is a moderate, orange-colored 
pumpkin with high yields and average stem quality. ‘Jack-B-Little’ yielded significantly higher 
quality and number of marketable fruit relative to the other miniature pumpkin, ‘Jill-B-Little.’ 
‘Polar Bear’ was the only white-fruited cultivar but had very high marketable yield and quality. 
‘Warty Goblin’ would be a specialty pumpkin variety but had excellent yields and quality. 
   









Figure 1. Selection of high performing pumpkin cultivars harvested in 2014. 
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Table 1. Total marketable yield and fruit per acre for jack-o-lantern pumpkin cultivars in West 
Virginia. 










Apollo 87.6 2,420 16.3 20.0 HM 
Camaro 91.6 2,481 14.4 18.6 HL 
Challenger 88.0 1,936 17.9 18.8 SW 
Champion 90.6 1,997 24.8 23.0 JS 
Charisma 100.0 2,178 9.4 10.5 JS 
Corvette 95.7 1,936 10.7 10.3 HL 
Cougar 100.0 2,541 14.5 18.5 HL 
Cronus 92.3 1,513 16.2 12.8 HM 
Expert 71.3 726  15.3 5.5 JS 
Gladiator 100.0 1,816 14.1 12.7 HM 
Gold Strike 32.5 999 17.3 9.3 RU 
Gold Rush 68.8 817 18.5 8.8 RU 
Gold Medal 95.3 1,452 13.0 10.0 RU 
Gold Gem 100.0 1,089 20.0 9.9 RU 
Gold Medallion 100.0 1,271 18.5 12.1 RU 
Howden 83.5 1,453 19.3 14.3 RU 
Mammoth Gold 92.3 1,573 20.1 15.8 RU 
Mustang 100.0 1,997 18.5 18.5 RU 
New Racer Plus 86.7 2,420 9.8 11.9 JS 
Polar Bear 100.0 2,723 25.9 36.1 JS 
Racer 100.0 3,570 13.3 23.4 JS 
Rhea 91.3 2,662 14.5 19.7 HM 
Rival 86.0 3,086 13.8 18.6 JS 
Rockstar 91.6 1,936 21.1 21.6 JS 
Solid Gold 85.2 1,876 11.7 11.6 RU 
Warty Goblin 89.3 2,178 13.5 15.8 HM 
Mean 8.9 1,896 15.3 14.9  
Standard Error: 1.7 112 0.7 1.1  
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Table 2. Marketable yield of miniature and pie pumpkins. 










Half Pint 25.0 3,458 1.2 1.8 HL 
Jack-B-Little 77.0 9,014 0.5 2.6 HL 
Jill-B-Little 100.0 2,450 0.47 0.7 HL 
Little Giant 100.0 4,113 2.7 5.6 HM 
Mischief 97.0 6,843 3.0 10.5 HM 
Mean 83.2 5,134 1.5 4.4  
Standard Error 7.2 1,395 0.3 1.2  
Table 3. Color, and stem quality ratings of pumpkin cultivars evaluated in West Virginia.  
Cultivar Colorz Stem Ratingy 
Apollo moderate orange 3.2 
Camaro moderate orange 2.1 
Challenger strong-moderate orange 3.0 
Champion strong orange 4.3 
Charisma moderate orange 4.0 
Corvette moderate orangish-yellow 3.3 
Cougar strong orange 2.5 
Cronus strong orange 2.0 
Expert strong orange 1.5 
Gladiator strong orange 1.8 
Gold Strike moderate orange 4.3 
Gold Rush strong orange 3.7 
Gold Medal strong orange 5.0 
Gold Gem moderate orange 2.0 
Gold Medallion moderate orangish-yellow 2.0 
Howden strong orange 2.0 
Half Pint moderate orangish-yellow 4.0 
Jack-B-Little moderate yellowish-orange 2.7 
Jill-B-Little moderate orangish-yellow 4.5 
Little Giant moderate orange 2.0 
Mammoth Gold brownish orange 5.0 
Mischief strong orange 1.8 
Mustang moderate orangish-yellow 4.0 
  Continued on next page 
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Table 3 (continued) 
Cultivar Colorz Stem Ratingy 
New Racer Plus moderate orange 3.8 
Polar Bear strong white 1.8 
Racer strong orange 1.0 
Rhea moderate orange 3.0 
Rival moderate orange 4.1 
Rockstar strong orange 1.0 
Solid Gold moderate orange 4.0 
zColor rating: RHS Horticulture Color Charts. 
yStem rating: 1=strong, thick; 5=weak or decayed. 
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Efficacy of Fungicides for Managing Powdery 
Mildew in Pumpkin — 2014 
Margaret T. McGrath, Cornell University, Riverhead, NY 11901 
Karen LaMarsh, Cornell University, Riverhead, NY 11901 
Powdery mildew is a very common disease that can reduce yield (fruit quantity and/or size) and 
market quality (flavor, color, storability, etc) in all cucurbit crop types. To effectively manage 
powdery mildew, fungicides are needed on the lower surface of leaves where the pathogen 
develops best. It is difficult to deliver a contact fungicide directly to this surface. Mobile 
fungicides able to move through leaves (via systemic or translaminar activity) or around them 
(vapor activity) are key to successful management of cucurbit powdery mildew. These 
fungicides tend to have single site mode of action and thus are at risk for resistance development.  
The primary objective of this study was to evaluate the efficacy of several fungicides with 
single-site mode of action for the control of cucurbit powdery mildew. Both new and currently 
registered products were tested in an area where in previous years strains of the pathogen were 
detected with resistance to FRAC code 1, 7, and 11 fungicides and moderate resistance to FRAC 
code 3 fungicides. 
Materials and Methods 
An experiment was conducted in a field with Haven loam soil at the Long Island Horticultural 
Research and Extension Center in Riverhead, NY. The field was plowed on April 11 and tilled 
on May 6. Seeds were planted at approximately 24-in. plant spacing within rows with a vacuum 
seeder on June 23. The seeder applied fertilizer in two bands about 2 in. away from the seed. 
Controlled release fertilizer (N-P-K, 15-5-15) was used at 675 lb/A (101 lb/A N).  
The herbicides Strategy (3 pt/A), Curbit EC 1 pt/A, and Sandea (0.5 oz/A) were applied over the 
entire plot area on June 20, which was followed by irrigation to activate. During the season, 
weeds were controlled by cultivating and hand-weeding as needed. Cucumber beetles were 
managed by applying the insecticide Admire Pro (2.8 fl oz/1,000 ft) in a narrow band over the 
planted rows immediately after the herbicide application on June 25 and applying Assail (4 oz/A) 
to foliage on July 20 and 30. The following fungicides were applied for Phytophthora blight 
(Phytophthora capsici): Regalia (2 qt/A) on July 12, July 20, July 25, August 5, and August 11; 
K-Phite (1 qt/A) on July 12, July 20, August 11, August 18, August 25, September 3, and 
September 10; ProPhyt (2 pt/A) on August 5; Presidio (4 fl oz/A) on July 12; Ranman (2.75 fl 
oz/A) on July 20, August 5, August 18, and September 3; Revus (8 fl oz/A) on July 25 and 
August 25; and Forum (6 fl oz/A) on August 11 and September 10. A few young plants 
developed crown rot and were removed.  
Plots were three 15-ft rows spaced 68 in. apart. The 20-ft area between plots was also planted to 
pumpkin. A randomized complete block design with four replications was used. Treatments were 
applied four or six times on a 7-day IPM schedule beginning on July 30 using a tractor-mounted 
boom sprayer equipped with twinjet (TJ60-11004VS) nozzles spaced 17 in. apart that delivered 
68 gal/A at 65 psi and 2.3 mph.  
Plots were inspected for powdery mildew symptoms on upper and lower leaf surfaces weekly 
beginning on July 23. Initially, the examined leaves were selected from the oldest third of the 
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foliage based on leaf physiological appearance and position in the canopy. Additional powdery 
mildew assessments were made on July 29; August 6, 12, 20, and 27; and September 4 and 19. 
Mid-aged and young leaves were also assessed beginning on August 6. At least nine leaves were 
examined in each plot on each assessment date. Powdery mildew colonies were counted; severity 
was assessed by visual estimation of percent leaf area affected when colonies could not be 
counted accurately because they had coalesced and/or were too numerous. Colony counts were 
converted to severity values using the conversion factor of 30 colonies/leaf = 1% severity. 
Average severity for the entire canopy was calculated from the individual leaf assessments. Area 
Under Disease Progress Curve (AUDPC) values were calculated from August 20 through 
September 19. Defoliation was assessed on September 19 and October 9.  
Fruit quality was evaluated in terms of handle (peduncle) condition for mature fruit without rot 
on September 26 and October 9. Handles were considered good if they were green, solid, and not 
rotting.  
Average monthly high and low temperatures (°F) were 79/60 in June, 82/67 in July, 81/64 in 
Aug, 77/61 in September, and 66/53 in October. Rainfall (inches) was 2.47, 2.24, 2.42, 1.86, and 
5.43 for these months, respectively.  
Results and Discussion 
Powdery mildew was first observed in this experiment on July 23 in 26 of the 52 plots; 8.8% of 
the older leaves examined had symptoms. Incidence had not increased by the next assessment 
date, which was one day before treatments were started. The action threshold for the IPM 
fungicide program is one out of 50 leaves with symptoms. Most treatments were individual 
products evaluated alone. This is neither a labeled nor recommended use pattern for growers. 
Such evaluations, however, identify appropriate rates for new products and monitor efficacy of 
registered fungicides at-risk for resistance development in order to develop management 
recommendations for growers.  
Three fungicides registered for powdery mildew on pumpkin in 2014 were evaluated alone and 
in a combination program. Pristine (FRAC Code 7 and 11) applied at its highest label rate was 
moderately effective based on powdery mildew severity on lower leaf surfaces (54% control 
based on AUDPC values)(Table 1). In previous years at this location, pathogen isolates resistant 
to both components of this fungicide have been detected, and the fungicide has exhibited 
variable performance in previous evaluations. Pristine was ineffective at the last assessment date 
in 2014 based on powdery mildew severity on lower leaf surfaces, which suggests resistant 
strains were selected for during the experiment. It was the least effective treatment tested based 
on defoliation on September 19. Procure (FRAC 3) applied at its highest label rate was as 
effective as Quintec (FRAC 13) except for the last assessment on lower leaf surfaces. Procure 
has exhibited variable control in previous experiments. Quintec was highly effective (96% 
control based on AUDPC values for severity on lower leaf surfaces). Similar control (95%) was 
achieved by alternating among these three products with Quintec applied at its lowest labeled 
rate.  
Vivando (FRAC U8), a new fungicide expected to be registered for this use before the 2015 
season, was as effective as Quintec at both rates tested (95 and 98% control). Another FRAC U8 
fungicide, IKF-309 (pyriofenone), was not as effective as Quintec based on severity on lower 
leaf surfaces (55 and 66% control). Effective control (92%) was obtained by applying these 
fungicides in alternation.  
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The other three treatments tested were applied four times. They were still exhibiting effective 
control on September 19, 25 days after the last application. Several treatments exhibited as much 
defoliation as the untreated control on October 9 (72–99%); treatments with less defoliation were 
the grower standard (46%), IKF-309 alternated with Quintec (48%), and Vivando (22% and 
30%).  
All treatments provided sufficient management of powdery mildew to avoid death of leaves and 
vines that leads to shriveled, rotting handles on pumpkin fruit. On September 26, 75% of good 
fruit had good handles for untreated plants versus 98-100% for fungicide-treated plants. Almost 
all fruit were good; few rotted. A high percentage of fruit still had good handles on October 9 for 
most treatments (92-99%). The percentage had dropped to 83% for plants treated with Pristine 
and 90% for those treated with Procure; however these treatments did not differ significantly 
from the others. There were no significant differences in fruit quality among any fungicide 
treatments on either assessment date; all had higher percentage of fruit with good handles than 
the control. No phytotoxicity was observed. 
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Table 1. Impact of fungicide treatments on severity of powdery mildew and defoliation mostly 
due to this disease in pumpkin, Riverhead, New York, 2014.  
Treatment and Rate/A  
(application dates)y 
Powdery Mildew Severity (%)z Defoli- 
ation 
(%) Upper Leaf Surface Lower Leaf Surface 
4 Sept 19 Sept AUDPCx 4 Sept 19 Sept AUDPCx 19 Sept 
Untreated Control 64.3 a 63.0 a 1,374.6 a 74.3 a 72.6 a 1,724.3 a 89.8 a 
Pristine 38 WG 18.5 fl oz (1-6) 2.5 b 25.4 b 225.0 b 19.8 b 71.3 a 799.5 b 61.3 b 
Procure 8 fl oz (1-6) 2.1 b 5.4 cd 60.8 b 15.3 bc 43.2 b 509.6 b 36.3 bc 
Quintec 6 fl oz (1-6) 0.0 b 2.3 cd 12.4 b 1.1 c 9.0 d 74.0 cd 13.8 c 
Quintec 4 fl oz (1,3,5) 
  Procure 8 fl oz (2,6) 
  Pristine 18.5 oz (4) (Grower Std.) 
0.0 b 0.2 d 1.3 b 4.0 c 7.9 d 88.4 cd 17.5 c 
Luna Experience 6 fl oz (1,3) alt w/ 
  Quintec 4 fl oz (2,4) 0.2 b 4.8 cd 38.8 b 1.1 c 19.2 cd 151.3 c 17.5 c 
A19334w 8.5 fl oz (1,3) alt w/  
  Quintec 4 fl oz (2,4) 0.6 b 14.4 bc 111.3 b 2.8 c 19.7 cd 169.7 c 15.0 c 
A19334w 10.5 fl oz (1,3) alt w/  
  Quintec 4 fl oz (2,4) 0.1 b 7.7 cd 50.4 b 0.9 c 11.9 d 94.6 cd 11.3 c 
IKF-309 4 fl oz (1-6) 0.1 b 2.4 cd 21.6 b 21.6 b 38.8 bc 591.7 b 22.5 c 
IKF-309 5 fl oz (1-6) 0.4 b 6.3 cd 52.6 b 29.0 b 51.2 ab 778.4 b 27.5 c 
IKF-309 4 fl oz (1, 3, 5) alt w/  
  Quintec 0.38 pt (2, 4,6) 0.5 b 1.5 cd 13.0 b 3.4 c 13.6 d 136.9 cd 12.5 c 
Vivandow 10 fl oz (1-6) 0.0 b 0.7 cd 7.7 b 1.5 c 7.9 d 81.0 cd 13.8 c 
Vivandow 15 fl oz (1-6) 0.0 b 0.8 cd 4.0 b 1.2 c 3.4 d 36.0 d 8.8 c 
P-value (treatment) 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 
zNumbers in each column with a letter in common are not significantly different from each other (Tukey’s HSD, 
P=0.05). 
yRate of formulated product/A. Application dates were 1=July 30, 2=August 7, 3=August 18, 4=August 25, 
5=September 2, and 6=September 11. 
xAUDPC values were square root transformed before analysis. Table contains detransformed values. 
wA19334 was applied with Dyne-Amic 0.125 % v/v; Vivando was applied with Silwet L-77 0.125% v/v. 




Saginaw Valley Research and Extension Center 
2014 Pumpkin Variety Trial 
Ben Phillips Michigan State University Extension 
One Tuscola St., Saginaw, MI 48607 
Office: (989) 758-2502 Email: phill406@msu.edu 
Editor’s note: This report was revised in May 2015, after the original publication of January 
2015. 
A carving jack-o-lantern pumpkin variety trial was planted at the Saginaw Valley Research and 
Extension Center (3775 S. Reese Road, Frankenmuth, MI 48734). Harris Seeds, Hollar Seeds, 
Veseys, and Johnny’s Selected Seeds generously donated publicly available carving jack-o-
lantern pumpkin seeds to the trial. This trial did not use fungicidal or insecticidal protectants. 
However, a disease- and insect-managed trial was replicated along with an additional 12 varieties 
at Ohio State University (Thom Harker) and West Virginia University (Lewis Jett), under the 
coordination of Brad Bergefurd (OSU). 
The 60 randomized plots consisted of six replications of 10 pumpkin varieties planted 14 to a 
plot (Table 1). Curbit (3 pt/a) and urea (60 lb N/a) were applied to the disked field approximately 
two weeks before planting. The soil type was a Tappan-Londo loam with a poor-moderate 
drainage classification, typical of the growing region of Michigan’s Saginaw Valley. 
On June 9, 2014, pumpkins were hand-planted in two rows per plot, 27 feet long and 5 feet apart, 
with a 5-foot break (east-west) between varieties. Seagulls were a major problem at this time, 
and resulted in 30-70% loss of seed in plots. Gladiator, Cronus, Mustang, and Rockstar pumpkin 
plots were the most affected by this bird. On June 16 and 23, a survey evaluated the extent of the 
eaten seeds, and pumpkins were replanted as necessary. On June 30, a final attempt was made to 
replant plots, and fresh seeds were protected with partially buried Styrofoam bowls. The bowls 
were removed on July 16, and the final emergence tally was conducted on July 23. Plots were 
hoed on July 17, and August 4.  
On August 22, the plots were evaluated for presence or absence of foliar diseases. Plants 
suffering from root rot and wilt were removed from the trial and subtracted from the final 
emergence tally. By this date, most plots had obvious signs of powdery mildew, and they were 
rated on a 0-2 scale (0=absent, 1=present, 2=infested).  
All pumpkins from all plots were harvested on September 17 and 18 and measurements were 
taken on the same days as each respective harvest. These were days 100 and 101 from the first 
planting date, which fell between the shortest and longest predicted maturity time for the 
varieties in the trial (83-115 days). Fruit were individually weighed and rated for the presence or 
absence of powdery mildew on the handle, the presence or absence of other handle defects, the 
percentage of bacterial infections on the fruit surface, and color.  
Results 
The average weight of marketable Apollo, Charisma, Cronus, Expert, Racer, and Racer Plus fell 
within their predicted weight ranges, and less than 25% of fruit from these were unmarketable. 
The average weight of Camaro, Corvette, Cougar, Gladiator, Mustang, and Rockstar pumpkins 




fell above their predicted weight ranges (Table 1). Except for Cougar, the short 85-day pumpkins 
held their size within their predicted ranges, despite being harvested on day 100. However, late 
110-115 day pumpkins were not as marketable, with more than 75% of Gladiator and 59% of 
Cronus pumpkins still too green for sale. Additionally, Gladiator, Cronus, Mustang, and 
Rockstar had a high proportion of seed planted three weeks later than the first set of plants due to 
seagull damage. This factor contributed to a lower number of marketable fruit for these varieties. 
Overall, Racer and Racer Plus had significantly more fruit per acre than any other variety, 
though they were smaller fruit and were defoliated by a major powdery mildew infestation 
(Figure 1). Cronus yielded significantly heavier fruit overall (P < 0.001), but along with 
Gladiator did not yield many marketable fruit at time of harvest (Figure 2). Mustang and Camaro 
had the lowest powdery mildew rating across their six plots. Racer and Cougar yielded the 
highest percentage of marketable fruits, owing mostly to their uniform color. Cougar actually 
started as a yellow fruit, and darkened into a rich orange color, sometimes with a small ring of 
green near where the handle attaches. However, this could give growers an advantage in that 
even under-mature fruit are uniformly yellow to yellowish-orange and look nicer than a green 
pumpkin in transition. 
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Figure 1. Fruit per acre measurement of the 12 pumpkin varieties at the Saginaw Valley 
Research and Extension Center, Frankenmuth, Michigan. Six reps of pumpkins were hand-
planted in two rows per plot, 27 feet long, and 5 feet apart. They were harvested on days 100-101. 
 
 
Figure 2. Tons per acre measurement of the 12 pumpkin varieties at the Saginaw Valley 
Research and Extension Center, Frankenmuth, Michigan. Six reps of pumpkins were hand-
planted in two rows per plot, 27 feet long, and 5 feet apart. They were harvested on days 100-101. 
Cronus yielded significantly heavier fruit overall, but along with Gladiator did not yield many 
marketable fruit at time of harvest. Seagulls ate 30-70% of seeds in Gladiator, Cronus, Mustang, 
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Spring High Tunnel Radish Evaluations 
Lewis W. Jett, Extension Horticulture Specialist, West Virginia University 
Spring radishes are a fast maturing crop for high tunnel production and can potentially have high 
value per unit area and time. Most radish cultivars grown in late winter/early spring within a high 
tunnel are harvested within 45 days from seeding and can be planted in the time period between 
the traditional winter crops and the spring/summer high tunnel crops. In addition, radishes can be 
intercropped with many vegetables. We evaluated ten salad radishes for spring production within 
a high tunnel.  
 
  
D’Avignon Rover Amethyst 
Figure 1. Radishes can have a diversity of shapes and colors. 
Materials and Methods 
Radishes can be seeded in a narrow band with 25-30 seeds per foot or broadcast-seeded over a 
larger area. The plant density should be approximately 1 in2/plant, ultimately resulting in 15-20 
marketable radishes per square foot. For this trial, ten radish cultivars were broadcast-seeded in 2 
ft. x 3 ft. plots on February 14, 2014 within a single layer high tunnel in central West Virginia. 
Row cover fabric (0.8 oz. /yd2) was placed over the plots continuously from seeding until harvest 
on April 11, 2014. At harvest, the roots were pulled, washed, weighed, and evaluated for quality 
from a square foot section of each plot. Each cultivar was replicated twice within a randomized 
complete block design. 
Results and Discussion  
‘Amethyst’ is a purple-skin radish cultivar with white flesh (Figure 1). ‘D’Avignon’ is a French 
breakfast-type that is typically 3 inches in length with red skin and a white tip (Figure 1). ‘Ping 
Pong’ is an attractive white radish, but can develop a slight green color on the top of some roots 
from exposure to sunlight. ‘Crunchy Royale’ and ‘Rover’ are excellent red salad radishes with 
uniform quality and high marketable yield (Table 1). 
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Table 1. Marketable yield and quality of high tunnel radishes. 









Amethyst JS 0.6 1.4 Purple 4.9 8.9 
Cherriette JS 0.6 1.5 Red 5.0 8.0 
Crunchy Royale JS 0.6 1.5 Red 5.0 10.1 
D’Avignon JS 0.6 1.3 Red/white tips 4.0 8.6 
Easter Egg — 0.8 1.2 Multi-color 3.0 4.9 
Fakir JS 0.5 1.3 Red/white tips 4.8 5.9 
Pink Beauty JS 0.5 1.3 Pink 4.0 7.2 
Ping Pong JS 0.4 1.4 White 4.5 7.1 
Rudolf JS 0.5 1.4 Red 3.5 9.6 
Rover JS 0.6 1.6 Red 5.0 11.1 
Mean 0.5 1.4  4.4 8.1 
Standard error 0.03 0.05  0.2 0.7 
zWeights are roots and leaves. 
yQuality rating: 1= poor; 5=excellent. 
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Evaluation of Insect-Protected and 
Noninsect-Protected Supersweet Sweet Corn 
Cultivars for West Virginia — 2014 
Lewis W. Jett, David Workman, and Brian Sparks 
West Virginia University 
According to the 2012 USDA Census, West Virginia produces approximately 750 acres of sweet 
corn each year (USDA, 2012). Sweet corn acreage can be increased in West Virginia since it has 
a very long planting window (early May-mid July) combined with a strong demand. Input costs 
for commercial sweet corn range from $1,500-$2,000/acre, which is relatively low compared 
with other vegetable and fruit crops (University of Kentucky, 2013). Late-harvested sweet corn 
(September-October) has a premium market, but the late planting date makes the crop more 
susceptible to insect infestation. Supersweet (sh2) sweet corn varieties offer the potential of 
higher quality and longer shelf life compared with traditional sugar-enhanced varieties.  
One of the limiting factors for expanded retail and regional wholesale marketing of sweet corn is 
insect management. Buyers demand a high-quality ear with no insect damage. Both corn 
earworm (CEW) and European corn borer (ECB) are chronic pests of sweet corn. Growers who 
wish to have high quality, insect-free corn have two options for CEW and ECB management: 1). 
spraying the plants and silks regularly (typically 3 times/season) with insecticides and, 2). using 
insect-protected cultivars. The objective of this evaluation was to examine the performance of 
Attribute® Insect-protected sh2 hybrids (Syngenta) and noninsect-protected sh2 cultivars in two 
locations of West Virginia. 
Materials and Methods 
Plots were established in late June (22) through early July (2 and 11) with two cooperating 
growers in Fayette County, WV (silt loam; 38°N lat.) and at the West Virginia University 
Reymann Memorial Farm in Hardy County, West Virginia (sandy loam; 39°N lat.). 
Approximately 120 lbs. of N/acre was applied at or before seeding as 46-0-0 or 19-19-19. 
Fourteen sh2 cultivars were seeded using a 2-row, plate corn planter or hand-planted in 50-foot 
long plots. Twelve cultivars were bicolor sh2 and two were yellow sh2. Insect-protected (six 
cultivars) and noninsect-protected (eight cultivars) were interspersed within each field. Each 
cultivar was replicated a minimum of three times in a randomized complete block design. Final 
stands averaged 60 plants per 50 feet of row. Rows were approximately 38 inches apart resulting 
in 16,750 plants per acre. Weeds were controlled using Dual II Magnum® at the Hardy County 
site and cultivation at the other two sites. No insecticides were used for caterpillar control. Five 
ears were harvested from each plot beginning in early September. The unhusked ears were 
weighed (including the shank) and later husked to measure quality attributes as well as insect 
infestation. 
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Noninsect-protected cv. (30 DAP) Insect-protected cv. (30 DAP) 
Figure 1. Early season sweet corn had no symptoms of larvae feeding on insect-protected cvs. 
while noninsect-protected cvs. exhibited leaf and whorl damage. 
Results and Discussion 
As expected, nearly all of the noninsect-protected cultivars had infested ears at harvest (Table 1). 
Late planting typically increases the CEW density. The ‘2573 Xtra Tender’ cultivar had 
significantly less insect damage relative to the other nonprotected lines in two of the three sites. 
‘Awesome’ and ‘Anthem’ had the highest overall ear weights and quality.  
The Syngenta Attribute® Bt sweet corn hybrids express a single CrylAb toxin that is effective 
against European corn borer but does not provide complete control of CEW, fall armyworm, or 
cutworm (Dively, 2012). ‘BC0805,’ ‘BC0822,’ ‘BSS0982,’ and ‘GH0851’ have the single gene 
protection. With no supplemental insecticides, 3-22% infestation was observed at the three sites 
(Table 1). Previous research has shown that a 50% reduction in the number of standard 
insecticidal sprays is enough to get nearly full control of corn earworm with these cultivars. 
‘BC0805’ was an excellent variety at all three sites with large ear weight and quality. 
The Attribute II® sweet corn hybrids have the Vip3AxCrylAb traits, which provide nearly 
complete control of worms in sweet corn combined with herbicide tolerance. In this trial, 
‘BSS30761’ and ‘Protector’ had this level of protection. ‘Protector’ is a yellow sh2 variety that 
yielded well but had only fair eating quality. ‘GH0851’ had equal yields but superior eating 
quality. ‘BSS30761’ is an excellent bicolor supersweet variety that consistently had high yields 
and complete insect resistance at all sites (Figure 2).  




‘Awesome’ ‘2573 Xtra Tender’ 
 
 
‘BSS30761’ Minimal insect infestation observed on 
unsprayed Attribute® cultivars 
Figure 2. Characteristics of sh2 varieties evaluated. 
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Table 1. Marketable yield and quality of insect and noninsect-protected sh2 sweet corn cultivars. 













Noninsect-Protected — Location: Fayette County, WV 
Anthem SW n/a (236)x (17.1) n/a n/a (100) 
Awesome SW 377 (256) 16.3 5.0 5.0 100 (100) 
Fantastic SW 320 (n/a) 17.5 5.0 4.8 95 (n/a) 
Illini - 318 (234) 19.0 4.5 4.0 100 (67) 
Pickett SW 333 (318) 17.5 4.5 5.0 93 (100) 
Stellar SW 354 (330) 17.0 5.0 4.9 81 (100) 
7143 SW 324 (309) 16.8 5.0 4.7 87 (100) 
2573 SW 356 (226) 18.3 5.0 5.0 70 (100) 
Mean  340 17.5 4.9 4.8 89.4 
Insect-Protected 
BC0805 SY 346 (223) 18.3 4.3 5.0 13.3 (20) 
BC0822 SY 297 (331) 18.8 4.3 4.0 10.0 (20) 
BSS0982 SY 365 (381) 18.0 4.5 4.7 22.0 (20) 
BSS30761 SY 390 (372) 18.3 5.0 4.9 0.0 (0) 
GH0851 (yellow) SY 300 (348) 18.5 4.5 5.0 0.0 (0) 
Protector 
(yellow) SY 318 (261) 18.8 5.0 4.4 0.0 (0) 
Mean 336 18.5 4.6 4.7 7.6 
Standard Error 10.8 0.2 0.1 0.2 7.1 
Noninsect-Protected — Location: Hardy County, WV 
Awesome SW 388 17.8 4.8 4.9 86 
Anthem SW 380 18.5 4.8 5.0 93 
Illini - 370 19.0 4.3 4.5 45 
Stellar SW 364 17.5 4.3 4.7 90 
2573 SW 369 18.3 4.5 4.7 77 
Mean 374 18.2 4.5 4.8 78.2 
Insect-Protected 
BC0805 SY 377 19.8 4.0 4.7 0.0 
BC0822 SY 333 18.3 4.5 4.4 0.0 
BSS0982 SY 359 18.8 4.5 4.6 3.3 
BSS30761 SY 383 18.5 4.3 4.5 0.0 
  
Continued on next page 
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Table 1 (continued) 














GH0851 (yellow) SY 374 20.3 4.0 4.9 0.0 
Protector 
(yellow) SY 352 18.5 4.3 4.5 0.0 
Mean 363 19.0 4.3 4.6 0.6 
Standard Error 4.6 0.1 0.6 0.1 7.6 
zUnhusked ear (includes shank). One pound=454 grams (g).  
yTip Fill: 5=kernels filled to the tip of the cobb; 4=less than 0.5 inches unfilled; 3=0.5-1 inch unfilled; 2=more than 
one inch unfilled; 1=more than two inches unfilled. 
xSite 2 data are in parentheses. 
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Sugar-enhanced and Synergistic Sweet Corn 
Cultivar Evaluation for Northern Indiana, 2014 
Elizabeth T. Maynard, Purdue University, Valparaiso, IN 46383 
Indiana sweet corn acreage harvested for fresh market averaged 5,233 acres annually from 2011-
2013, with a yield of 63 hundredweight per acre (149 crates or 3.1 tons per acre) and an annual 
value of $13.9 million (USDA NASS, 2014). Indiana ranked 16th among states for production of 
fresh market sweet corn and produced about 1.2% of the nation’s total in 2013. The 2012 USDA 
Ag Census reported 535 Indiana farms producing sweet corn for fresh markets and 69 farms 
selling to processors. Sweet corn fields for fresh market sales are located throughout the state. In 
northern Indiana, bicolor corn is most commonly grown. Varieties with improved eating quality 
are of interest to both producers and consumers. Producers are also interested in yield, ear size, 
appearance, and agronomic characteristics.  
This paper reports on nine bicolor and one yellow sugar-enhanced or synergistic sweet corn 
entries that were evaluated at the Pinney-Purdue Agricultural Center in Wanatah, Indiana. 
Materials and Methods 
The trial was conducted on a Tracy sandy loam. The fall 2013 soil test showed 1.5% organic 
matter, pH 6.3, and 79 ppm phosphorus (P), 164 ppm potassium (K), 165 ppm magnesium (Mg), 
and 650 ppm calcium (Ca). Nitrogen, 40 lb./A N from urea ammonium nitrate solution, was 
applied by injecting perpendicular to rows prior to final seedbed preparation in 2014. An 
additional 50 lb./A N from urea ammonium nitrate solution was injected three weeks after 
seeding. 
The trial was set up as a randomized complete block design with three replications. Sweet corn 
entries were assigned to individual plots one row wide (30 inches) by 30 feet long. Corn was 
seeded May 20, 2014, with a finger pick-up planter set to drop seeds 10.125 inches apart (20,600 
plants per acre) and later thinned to 35 plants per 30-foot row (20,328 plants per acre).  
Weeds were controlled with atrazine (Atrazine 4L®) and s-metolachlor (Dual II Magnum®) 
applied preplant incorporated and with hand weeding. Irrigation was applied from an overhead 
boom as needed. Permethrin (Arctic 3.2EC®, 4 fl. oz./A/application) was applied on July 8 and 
21 to control caterpillars. 
Emergence was evaluated eight and 13 days after planting (DAP) and final stand determined 13 
DAP, after thinning. Plant vigor was evaluated 21 DAP and shortly before harvest. Also shortly 
before harvest, plant height, number and length of tillers, and the height from the soil to the 
middle of the top ear was measured for three plants per plot. On June 20 and July 1, after strong 
winds following rain caused lodging, corn was rated for leaning using a scale of 1 (corn flat on 
ground) to 9 (corn entirely upright). Each plot was harvested when corn reached marketable 
stage, which occurred 21 to 25 days after 50% silking. For each plot the weight and number of 
marketable first ears and number of marketable ears that were fancy were recorded. Three ears 
from each plot were selected to evaluate degree of husk cover, husk tightness, degree of tip fill, 
flag leaf length, overall attractiveness, average ear diameter and length after husking, and shank 
length. Overall ear quality was also rated. One person rated the flavor of all entries based on one 
uncooked ear from each plot, and additional individuals rated just some entries. Rating scales are 
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described in table footnotes. Letter ratings for flavor were converted to numerical ratings for 
statistical analysis.  
Quantitative data with equal variance across treatments (P>.05) were analyzed using ANOVA 
followed by mean separation using Fisher’s protected least significant difference at P≤ 0.05. 
Regression analyses were used to evaluate correlation between mean responses for each entry 
and mean days to harvest (DAP); r2 values for linear regressions significant at P≤.05 are 
reported. 
Results and Discussion 
Temperatures were above normal the first couple of weeks after planting and most of June, then 
turned cooler than normal in July and early August. From July 6, when early varieties were at 
50% silking, to August 10, when most varieties had been harvested, growing degree day (GDD, 
base 50°F) accumulation was 152 GDD below normal. From May 18 to August 10 the 
accumulation was 1,552, 94 less than normal. June was exceptionally wet, with 9.6 inches of rain 
from June 1-29, 5.6 inches above normal. July and early August had slightly below normal 
rainfall. (USDA NASS 2014). 
By eight DAP, emergence averaged 94% of the desired stand; no significant difference among 
entries was evident (data not shown). Final stand after thinning averaged 19,457, and ranged 
from 18,392 to 20,328 (data not shown).  
Early plant vigor ranged from 3.3 to 7.0 on a scale of 1 (poor) to 9 (excellent) and averaged 5.0 
(data not shown). Due to unequal variances, analysis of variance and mean separation was not 
performed. Latte consistently received the highest rating given: 7 out of 9. Varieties rated as 
‘average’ (5) or better included: Alto, Vitality, Profit, Ambrosia, and Temptation. GH 30932, 
Essence, Trinity, Utopia were rated as below average for early vigor. Last year at this location, 
early vigor for Temptation and Utopia was rated higher than for Profit, which in turn was rated 
as more vigorous than Ambrosia. Plant vigor ratings near harvest ranged from 5.0 to 7.0 and 
averaged 6.2 (data not shown). GH 30392 was consistently rated 7 out of 9, and Trinity 6 out of 
9 for all replications. Ratings for other varieties varied among replications and differences could 
not be detected.  
Plant height ranged from 5.2 to 7.2 feet and averaged 6.4 feet (data not shown). Utopia was taller 
than 7 feet and significantly taller than all other varieties except Essence. Essence, Profit, and 
GH 30932 were 6.8 to 7.0 feet and did not differ significantly. Ambrosia and Temptation were 
about 6.6 feet and did not differ significantly from GH 30392 or Profit. Trinity, Alto, and Vitality 
were from 5.9 to 5.7 feet and did not differ significantly. Latte was 5.2 feet tall, significantly 
shorter than all other varieties. Days to harvest explained 61% of the variation in plant height: 
later varieties tended to be taller. Corn was generally taller this year than in 2013, when excess 
rain and standing water early in the season appeared to limit plant size.  
Tiller number per plant ranged from 0.6 to 2.0 and averaged 1.2. Differences among entries were 
significant (data not shown). Alto averaged 2.0 tillers per plant, but did not differ significantly 
from Vitality, GH 30932, Profit, or Utopia, which all averaged at least 1.2 tillers per plant. 
Trinity had no tillers.  
On June 20, lean ratings ranged from 3.3 to 7.7 and averaged 5.2 on a scale of 1 (corn flat on 
ground) to 9 (corn entirely upright) (data not shown). Varieties with high ratings indicating little 
lodging included: Alto (7.7) and GH 30932 (7.3). Varieties with low ratings, indicating much 
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lodging, included Temptation, Latte, and Essence (3.3 to 4.3). Lean ratings recorded on July 1 
ranged from 4.3 to 7.3 and averaged 5.9; differences among varieties were difficult to ascertain.  
Results for yield and ear quality are presented in Table 1. Per acre yields have been calculated by 
multiplying plot yields by the number of plots per acre and likely overestimate expected yield 
from field scale production. Marketable yield averaged 7.9 tons per acre, and ranged from 5.9 to 
10.7 tons per acre. Differences among entries were highly significant. Utopia produced the 
greatest weight of marketable ears, 10.7 tons per acre, significantly more than any other variety. 
Utopia was also one of the top yielding varieties in 2013. GH 30932 produced the next greatest 
yield, 9.3 tons per acre, significantly more than any other variety except Utopia. Essence, 
Temptation, Profit, and Ambrosia yielded between 8.4 and 7.8 tons per acre, and did not 
significantly differ from one another. Except for Ambrosia, all yielded more than the remaining 
four varieties. Latte, Alto, Trinity, and Vitality produced between 7.0 and 5.9 tons per acre; Latte 
and Alto were significantly greater than Vitality. Days to harvest explained 57% of the variation 
in yield of marketable ears measured as tons per acre: later varieties tended to yield more. 
Marketable ear yield in dozens per acre ranged from 1,436 to 1,613 and averaged 1,529. There 
were no significant differences among entries. The number of fancy ears ranged from 823 to 
1,452 dozen per acre and averaged 1,184 (data not shown). Differences among entries were 
significant (P<.01). Profit and Latte produced significantly more fancy ears (1,452 and 1,371, 
dozen, respectively) than Trinity (1,016), Vitality (1,000), and Ambrosia (823), but not 
significantly more than the Temptation (1,275), GH 30932 (1,258), Utopia (1,242), Alto (1,210), 
or Essence (1,194). The percentage of marketable ears that were fancy ranged from 58 to 92% 
and averaged 78% (data not shown). Differences among entries were borderline significant 
(P<.10). Profit, and Latte had about 90% fancy ears; Essence, GH 30932, Temptation, Utopia, 
and Alto approximately 80%, and remaining varieties roughly 60 to 70%. In 2013, Utopia had a 
higher percentage of fancy ears than Profit.  
Average weight per ear (including the shank) ranged from 0.65 to 1.13 lb. and averaged 0.86 lb. 
Differences among entries were highly significant (P<.0001), and mirrored the trend seen in 
yield measured as tons per acre. Utopia had the heaviest ears, followed by GH 30392, Essence, 
Ambrosia, and Profit — these varieties all differed significantly. In 2013 Utopia also had the 
heaviest ears in the trial. Ears of Temptation did not weigh significantly less than those of Profit, 
but were heavier than ears of Latte, Alto, Trinity, or Vitality. Vitality ears were lighter than any 
others in the trial. Days to harvest explained 65% of the variation in average weight per 
marketable ear, with later varieties tending to produce heavier ears.  
Ear length ranged from 7.1 to 9.0 inches, and diameter ranged from 1.65 to 2.04 inches. Utopia 
and GH 30392 produced ears significantly longer than other varieties. Ambrosia was next at 8.6 
inches, significantly longer than all except the top two. Essence and Latte produced ears close to 
8 inches long, significantly longer than the remaining varieties. Temptation and Trinity had 
similar ear length of approximately 7.4 inches, and significantly longer than Vitality at 7.1 
inches. Profit was slightly longer than Vitality, but didn’t differ significantly from it or from 
Trinity and Temptation. Ambrosia, Essence, GH 30932, Utopia, and Temptation had ears close 
to 2 inches in diameter and did not differ significantly. Profit, 1.85 inches, did not differ 
significantly from Temptation, Trinity, or Alto. Latte was the narrowest variety at 1.65 inches, 
but did not differ significantly from Vitality or Alto. Days to harvest explained 49% of the 
variation in average length and 60% of the variation in average diameter per marketable ear, with 
later varieties producing longer and wider ears. 
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Shank length ranged from 3.4 to 6.9 and averaged 4.9 inches. Differences among entries were 
highly significant (P<.0001). Shanks on Profit averaged nearly 7 inches, but were not 
significantly longer than those for GH 30932 (6.6 inches) or Utopia (6.0 inches). Utopia, Latte, 
and Trinity had shanks of similar length, 5.3 to 6.0 inches, and did not differ significantly. 
Temptation, Essence, Ambrosia and Vitality had shanks from 3.5 to 4.4 inches and did not differ 
significantly. Alto, had the shortest shanks at 3.4 inches, but not significantly shorter than 
Vitality or Ambrosia. 
Ear height from the soil to mid-ear ranged from 19.9 to 31.9 and averaged 25.1 inches. Due to 
unequal variances, analysis of variance was not performed. Varieties with ears 29 inches high or 
more above the soil included Essence, GH 30932, and Utopia. Varieties with ears between 24 
and 28 inches included Ambrosia, Alto, and Temptation. Ear height of Profit, Latte, Vitality, and 
Trinity was between 19 and 22 inches. Days to harvest explained 88% of the variation in ear 
height, with later varieties producing ears farther off the ground. 
Husk cover ratings averaged 3.8 (on a 1 to 5 scale, with 5 best). Two entries received the top 
rating of 5.0: Essence and Profit. Others with ratings averaging greater than 3.5, meaning more 
than 1.25 inches of husk cover on most ears, included: GH 30932, Temptation, and Trinity. 
Profit and Temptation rated high for husk cover in 2013 also. Other varieties had at least 3/4 inch 
of husk covering the tip on most ears: Alto, Utopia, Latte, Vitality, and Ambrosia (in order from 
greatest to least husk cover). Husk tightness rating ranged from 1.33 to 3.00 on a 3-point scale, 
and averaged 1.90. Essence consistently received the highest rating possible, indicating a very 
tight husk around the ear tip. GH 30932, Profit, and Temptation averaged between 2 and 2.7, 
indicating reasonably tight husks. The remaining varieties averaged between 1.8 and 1.3 for husk 
tightness: Trinity, Utopia, Ambrosia, Vitality, Alto, and Latte (in order from tightest to loosest 
husk cover).  
Tip fill rating ranged from 2.2 to 5.0 and averaged 4.4. Varieties with all sampled ears filled 
completely to the tip included Latte and Temptation. Varieties with most ears filled completely 
to the tip included Alto, Utopia, and Profit. Utopia and Profit received high ratings for tip fill in 
2013 also. Varieties with most ears having less than 1/2 inch unfilled included: Vitality, Essence, 
Trinity, and GH 30392. Ambrosia had notably worse tip fill than other varieties, with at least 1 
inch unfilled on most ears. 
Overall ear quality rating ranged from 3.0 to 7.7 and averaged 5.8 on a 9-point scale. Temptation 
averaged 7.7 (the same as in 2013), and Profit consistently received a rating of 7; in 2013 Profit 
was also above the trial average for overall ear quality. Essence, Trinity, Utopia, and GH 30932 
were rated between 6 and 6.7 fairly consistently. Alto and Latte had the most variable ratings 
among reps, but averaged 6 and 5 respectively. Vitality and Ambrosia received the lowest overall 
ratings for ear quality, between 3 and 3.7.  
Flavor ratings ranged from 2.3 to 4.3 on a 5-point scale and averaged 3.3 (data not shown). There 
were not statistically significant differences among entries. 
Among the three varieties harvested 68 DAP, Latte stood out for its long, 8-inch ears, excellent 
tip fill, good yield, and high proportion of fancy ears. Plants of Latte were the shortest in the 
trial, but had good early vigor. Latte may have been harvested slightly early, based on the 
narrowness of the ears and notes made at the time of harvest. The other two varieties harvested 
68 DAP, Trinity and Vitality, had shorter ears. Trinity had better husk cover, which is probably 
responsible for its slightly better overall rating compared to Latte.  
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Alto, Profit, and Temptation were all harvested 73 DAP. Profit looked very promising with a 
high yield of fancy ears. Although ears were short at 7.2 inches and had very long shanks, tip fill, 
husk cover and overall quality were comparable to Temptation. Ears of Alto were similar in 
length to Temptation, with short shanks, and easily 2 feet above the soil.  
Between Utopia and Ambrosia, harvested 76 and 78 DAP, respectively, Utopia had the longer 
ears with long shanks and better tip fill, and produced more fancy ears per acre.  
Essence and GH 30932 (yellow kernels) were the longest maturity varieties in the trial, harvested 
80 to 85 DAP. Yield and ear quality were similar; GH 30932 had longer ears by about ¾ inch, 
with longer shanks. Tillers on GH 30932 were also long, averaging nearly 32 inches, compared 
to 18.3 inches for Essence. 
Evaluation of results presented in Table 1 combined with results from other locations and years 
should aid producers in selecting varieties best suited to their operations. The relatively small 
number of varieties in the trial reflects the growing interest in ‘supersweet’ corn types as 
opposed to those in this trial with sugar-enhanced and synergistic genetics. A separate trial 
evaluating supersweet varieties was conducted at the same location, and results are reported in a 
separate article. 
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Supersweet Sweet Corn Cultivar Evaluation for 
Northern Indiana, 2014 
Elizabeth T. Maynard, Purdue University, Valparaiso, IN 46383 
Indiana sweet corn acreage harvested for fresh market averaged 5,233 acres annually from 2011-
2013, with a yield of 63 hundreweight per acre (149 crates or 3.1 tons per acre) and an annual 
value of $13.9 million (USDA NASS, 2014). Indiana ranked 16th among states for production of 
fresh market sweet corn and produced about 1.2% of the nation’s total in 2013. The 2012 USDA 
Ag Census reported 535 Indiana farms producing sweet corn for fresh markets and 69 farms 
selling to processors. Sweet corn fields for fresh market sales are located throughout the state. In 
northern Indiana, bicolor corn is most commonly grown.  
Varieties with improved eating quality are of interest to both producers and consumers. The term 
‘supersweet’ commonly refers to sweet corn with two copies of the shrunken-2 (sh2) gene that 
have high levels of sugar in the kernels and little conversion of sugar to starch. ‘Augmented’ or 
improved supersweet varieties have been bred for better eating quality, including reduced 
pericarp toughness. Producers are also interested in yield, ear size, appearance, and agronomic 
characteristics.  
This paper reports on 23 bicolor, three yellow, and three white supersweet sweet corn entries that 
were evaluated at the Pinney-Purdue Agricultural Center in Wanatah, Indiana. 
Materials and Methods 
The trial was conducted on a Tracy sandy loam. The fall 2013 soil test showed 1.5% organic 
matter, pH 6.3, 79 ppm phosphorus (P), 164 ppm potassium (K), 165 ppm magnesium (Mg), and 
650 ppm calcium (Ca). Nitrogen, 40 lb./A N from urea ammonium nitrate solution, was applied 
by injecting perpendicular to rows prior to final seedbed preparation in 2014. An additional 50 
lb./A N from urea ammonium nitrate solution was injected between rows three weeks after 
seeding. 
The trial was set up as a randomized complete block design with three replications. Twenty-eight 
entries were each assigned to individual plots one row wide (30 inches) by 30 feet long, with one 
plot in each replication. The 29th entry was assigned two plots in each replication and the two 
plots were treated as separate entries during statistical analysis: Anthem XR-1 and Anthem XR-
2. Corn was seeded May 20, 2014, with a finger pick-up planter set to drop seeds 10.125 inches 
apart (20,600 plants per acre) and later thinned to the desired stand of 35 plants per 30-foot row 
(20,328 plants per acre).  
Weeds were controlled with atrazine (Atrazine 4L®) and s-metolachlor (Dual II Magnum®) 
applied preplant incorporated and with hand weeding. Irrigation was applied from an overhead 
boom as needed. Permethrin (Arctic 3.2EC®, 4 fl. oz./A/application) was applied on July 8 and 
21 to control caterpillars. 
Emergence was evaluated eight and 13 days after planting (DAP) and final stand determined 13 
DAP, after thinning. Plant vigor was evaluated 21 DAP and shortly before harvest. Also shortly 
before harvest, plant height, number and length of tillers, and the height from the soil to the 
middle of the top ear was measured for three plants per plot. On June 20 and July 1, after strong 
Midwest Vegetable Trial Report for 2014
141
winds following rain caused lodging, corn was rated for leaning using a scale of 1 (corn flat on 
ground) to 9 (corn entirely upright). Each plot was harvested when corn reached marketable 
stage. For each plot the weight and number of marketable first ears and number of marketable 
ears that were fancy were recorded. Three ears from each plot were selected to evaluate degree 
of husk cover, husk tightness, degree of tip fill, flag leaf length, overall attractiveness, average 
ear diameter and length after husking, and shank length. Overall ear quality was also rated. Two 
people rated the flavor and pericarp toughness of all entries based on one uncooked ear from 
each plot, except for three entries for which one of the evaluators rated only two replications. 
Additional individuals rated just some entries. Rating scales are described in table footnotes. 
Letter ratings for flavor and pericarp toughness were converted to numerical ratings for statistical 
analysis.  
Quantitative data with equal variance across entries (P>.05) were analyzed using ANOVA 
followed by mean separation using Fisher’s protected least significant difference at P≤ 0.05. For 
several responses unequal variances were caused by one or a few entries that did not vary across 
replications. For those responses, ANOVA and mean separation were performed with those 
entries omitted. Regression analyses were used to evaluate correlation between mean responses 
for each entry and mean days to harvest (DAP); r2 values for linear regressions significant at 
P≤.05 are reported. The influence of final plant stand on differences among cultivars for yield, 
average ear weight, ear length, diameter, and height, and shank length, was evaluated with 
analyses of covariance using plant stand as the covariate, followed by mean separation using 
Fisher’s protected least significant difference at P≤ 0.05. 
Results and Discussion 
Temperatures were above normal the first couple of weeks after planting and most of June, then 
turned cooler than normal in July and early August. From July 13, a few days after early varieties 
were at 50% silking, to August 17, a few days after the last harvest, growing degree day (GDD, 
base 50F) accumulation was 180 GDD below normal. Normally ears reach harvest maturity 
about 21 days after 50% silking; this year, ears were judged ready to harvest 24 to 29 days after 
silking. From May 18 to August 17 the GDD accumulation was 1,791, 136 less than normal. 
June was exceptionally wet, with 9.6 inches of rain from June 1-29, 5.6 inches above normal. 
July and early August had slightly below normal rainfall. (USDA NASS 2014). 
By eight DAP, emergence averaged 85% of the desired stand, but ranged from 67 to 103% 
(Table 1). Varieties with at least 92% emergence did not differ significantly and included 
Awesome XR, XTH 20173, SV 1580SC, XTH 2475, XTH 2074, Vision MXR, Fantastic XR, 
AP426, EX08767143, and SC 1336. Varieties with less than 80% emergence included XTH 
3674, Anthem XR-2, Anthem XR-1, Battalion, Stellar XR, Obsession, BSS 30761, Snack Pack, 
Cabo, and Journey; these did not differ significantly.  
Final stand after thinning averaged 18,353 plants per acre, ranged from 14,133 to 20,328, and 
was significantly influenced by variety (Table 1). XTH 2475, XTH 20173, SV 1580SC, 
CAPBF10-411 and Awesome XR had stand counts above 20,000 plants per acre but did not 
differ significantly from 14 other varieties with at least 18,000 plants per acre. Stellar XR, Cabo, 
and Snack Pack had stands less than 15,900 plants per acre and were not significantly different 
from one another. Seed treatments were not consistent across varieties, which could have 
influenced emergence and final stand–although with good conditions for germination at the time 
of planting it seems unlikely to have had a major effect. Seed size and shape were noted to vary 
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among entries; this could have influenced number of seed planted and/or their ability to emerge. 
For 15 varieties for which seed count per pound was provided by the supplier, there was a 
negative correlation between number of seeds per pound and emergence or final stand (data not 
shown).  
Early plant vigor ranged from 2.3 to 8.0 on a scale of 1 (poor) to 9 (excellent) and averaged 5.7 
(Table 1). Early vigor was significantly negatively correlated with days to harvest, which 
explained 48% of the variation in the rating. Later varieties tended to receive lower ratings for 
early plant vigor. Entries with higher early vigor ratings than would be expected based on harvest 
date included Stellar XR, Anthem-XR-2, and Snack Pack. Those rated less vigorous than 
expected based on harvest date included XTH 2472, AP358, Cabo, Journey, and Aces. 
Plant vigor ratings near harvest ranged from 6.0 to 7.0 and averaged 6.6 (Table 1). This vigor 
rating was significantly correlated with days to harvest, which explained 29% of the variation. 
Later varieties tended to receive higher ratings for harvest vigor. Entries with higher harvest 
vigor ratings than would be expected based on harvest date included Stellar XR, Anthem XR-2, 
SS 2742, and AP426. Those less vigorous than expected based on harvest date included 
CAPBF10-411, Anthem XR-1, AP358, XTH 2674, Journey, and BSS 30761. 
Plant height ranged from 5.7 to 7.0 feet, averaged 6.5 feet, and differed significantly among 
varieties (Table 1). Varieties 6.8 feet or taller did not differ significantly and included ACR 
2023, Obsession, SS 2742, EX08767143, SC 1336, BSS 30761, SV 1077SD, SV 1580SC, 
Battalion, and Aces. Varieties less than 6.2 feet included Vision MXR, Fantastic XR, XTH 3674, 
AP358, CAPBF10-411, XTH 2475, XTH 2074, Anthem XR-2, Anthem XR-1, and Awesome 
XR; of these Awesome XR was significantly shorter than all except Anthem XR-1. Plant height 
was highly significantly correlated with days to harvest, which explained 66% of the variation. 
Later varieties tended to be taller. Entries taller than would be expected based on harvest date 
included SS 2742 and ACR 2023. Those shorter than expected based on harvest date included 
Awesome XR and Anthem XR-2. 
Tiller number per plant ranged from 0.8 to 2.3 and averaged 1.4; tiller length ranged from 10.8 to 
38.4 and averaged 18.8 (Table 1). Differences among entries were significant for tiller height. 
BSS 30761 had significantly longer tillers than any other variety, at 38.4 inches. SC 1336, Cabo, 
SS 2742, Journey, and Aces had tillers averaging 21.8 inches or longer and did not differ 
significantly; AP426 also fell in this range. Twenty entries had tillers averaging less than 19 
inches tall and these did not differ significantly from Battalion, which had the shortest tillers at 
10.8 inches. 
Corn plants lodged when strong winds occurred after rain in June. On a scale of 1 (corn flat on 
ground) to 9 (corn entirely upright), lean ratings on June 20 ranged from 3.7 to 7.3 and averaged 
5.8, and on July 1 ranged from 4.3 to 8.0 and averaged 6.2. (Table 1). Varieties in the lowest 
25% for both ratings, meaning they showed the most lodging, included SS 2472, Aces, SV 
1580SC, and EX08767143. Varieties in the top 30% for both ratings, meaning they showed the 
least lodging, included Satisfaction, Fantastic XR, Anthem XR-2, Stellar XR, and XTH 3274. 
Ratings on July 1 were significantly negatively correlated with days to harvest, which explained 
33% of the variation. Later varieties tended to receive lower ratings, meaning more lodging. 
Entries with less lodging on July 1 than would be expected based on harvest date included 
Anthem XR-1, Anthem XR-2, and Snack Pack. Those with more lodging on July 1 than expected 
based on harvest date included AP358, XTH 2475, SS 2742, and Journey. 
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Results for yield and ear quality are presented in Table 2. Per acre yields have been calculated by 
multiplying plot yields by the number of plots per acre and therefore likely overestimate 
expected yield from field scale production. Marketable yield averaged 8.0 tons per acre, and 
ranged from 5.7 to 9.8 tons per acre. Yields differed significantly among varieties. SC 1336 
produced 9.8 tons per acre and was not significantly different from Fantastic XR, XTH 2074, 
EX08767143, SV 1580SC, or CAPBF10-411, which all produced at least 8.7 tons per acre. 
Varieties that produced less than 7.1 tons per acre included BSS 30761, SS 2742, AP358, Sweet 
Success, Cabo, and Journey. Final stand influenced yield in tons per acre, and when it was taken 
into account the ranking of entries was altered, but major differences in ranks of cultivars did not 
occur (data not shown). 
Marketable ear yield in dozens per acre ranged from 1065 to 1629 and averaged 1405. 
CAPBF10-411 produced 1629 dozen per acre, but did not differ significantly from others that 
produced at least 1,419 dozen per acre, including SV 1580SC, SC 1336, XTH 2475, XTH 20173, 
XTH 2074, Fantastic XR, SV 1077SD, Awesome XR, Satisfaction, AP426, Vision MXR, XTH 
3274, XTH 2472, and Obsession. Varieties that produced less than 1,259 dozen per acre included 
BSS 30761, Stellar XR, Snack Pack, Journey and Cabo; these did not differ significantly. 
EX08767143 was not included in ANOVA due to low variation; it produced similar number of 
ears as others in the highest yielding group. When final plant stand was taken into account, the 
effect of variety became insignificant, meaning that the differences between varieties could be 
explained by differences in numbers of plants per acre (data not shown). Note that 3 of the 5 
lowest-yielding varieties in dozens per acre also had the lowest plant stands.  
The number of fancy ears ranged from 597 to 1,371 dozen per acre and averaged 992 (data not 
shown). Differences among entries were significant. XTH 2074 produced 1,371 dozen fancy ears 
per acre, but was not significantly different from others that produced at least 1,128 dozen, 
including AP426, CAPBF10-411, Awesome XR, Fantastic XR, Anthem XR-2, XTH 2472, 
Stellar XR, ACR 2023, and XTH 3674. Varieties that produced 855 dozen or fewer fancy ears 
per acre included XTH 20173, XTH 3274, Cabo, Obsession, XTH 2475, SC 1336, Sweet 
Success, SV 1077SD, and Journey; these did not differ significantly from one another. The 
number of fancy ears per acre was significantly negatively correlated with days to harvest, which 
explained 23% of the variation: later varieties tended to produce fewer fancy ears. Entries with 
more fancy ears than would be expected based on harvest date included CAPBF10-411, XTH 
2074, and AP426. Those with fewer fancy ears than expected based on harvest date included 
Vision MXR, AP358, XTH 3274, XTH 20173, XTH 2475, Sweet Success, Cabo, and Journey. 
The percentage of marketable ears that were fancy ranged from 44 to 91% and averaged 71% 
(data not shown). Differences among entries were significant. Varieties with at least 75% fancy 
ears included Stellar XR and Sweet Success (both with 91% fancy), Snack Pack, Anthem XR-2, 
XTH 2074, XTH 3674, Anthem XR-1, Awesome XR, CAPBF10-411, ACR 2023, XTH 2472, 
Fantastic XR, SS 2742, and Cabo; these did not differ significantly from one another. These were 
significantly different from varieties that produced less than 58% fancy ears including XTH 
3274, Obsession, SV 1580SC, XTH 20173, Journey, Sweet Success, XTH 2475, SC 1336, and 
SV 1077SD. The percent of marketable ears that were fancy was significantly negatively 
correlated with days to harvest, which explained 16% of the variation; later varieties tended to 
produce a smaller percent of fancy ears. Entries with more fancy ears than would be expected 
based on harvest date included Stellar XR, XTH 2074, Anthem XR-2, XTH 3674, AP426, ACR 
2023, and Snack Pack. Those with a lower percent of fancy ears than expected based on harvest 
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date included Vision MXR, XTH 3274, XTH 20173, Sweet Success, XTH 2475, Journey, SC 
1336, and SV 1077SD. 
Average weight per ear (including the shank) ranged from 0.82 to 1.12 lb. and averaged 0.95 lb. 
Differences among entries were highly significant. Snack Pack produced ears heavier than any 
other variety, at 1.12 lbs. Varieties with ears at least 0.98 lbs. included Stellar XR, SC 1336, 
Anthem XR-1, Fantastic XR, Anthem XR-2, XTH 3674, Battalion, XTH 2472, and XTH 2074; 
these did not differ significantly. Varieties with ears less than 0.86 lb. included AP358, Journey, 
XTH 20173, and Sweet Success. These did not differ significantly. Final stand influenced 
average ear weight, and when it was taken into account the exact ranking of entries was altered, 
but changes in rank of cultivars were generally small (data not shown). The rank of Cabo 
changed the most, from 14th to 24th. With stand taken into account, Snack Pack was no longer 
significantly heavier than all other varieties. 
Ear length ranged from 7.5 to 8.6 inches, and diameter ranged from 1.82 to 2.14 inches. Aces, 
XTH 2472, SV 1077SD, and Obsession all produced ears at least 8.3 inches long and did not 
differ significantly from one another. Varieties with ears 7.8 inches or shorter included Sweet 
Success, Satisfaction, CAPBF10-411, XTH 20173, BSS 30761, ACR 2023, and Awesome XR; 
these did not differ significantly. Ear length was significantly correlated with days to harvest; 
later varieties tended to produce longer ears. Entries with longer ears than would be expected 
based on harvest date included XTH 2472, Aces, SV 1077SD. Those with shorter ears than 
expected based on harvest date included Awesome XR, ACR 2023, and BSS 30761. Ear 
diameter was strongly influenced by variety. Varieties with ears at least 2.05 inches across 
included SC 1336, Anthem XR-2, Satisfaction, SV 1077SD, Snack Pack, and XTH 2475; these 
did not differ significantly. Varieties with ears 2 inches or less in diameter included ACR 2023, 
Awesome XR, XTH 2074, Sweet Success, Journey, CAPBF10-411, SV 1580SC, XTH 2472 , 
Stellar XR, Aces, AP426, BSS 30761, and SS 2742; these did not differ significantly except for 
SS 2742, which was only 1.82 inches across. 
Shank length ranged from 3.4 to 7.4 and averaged 5.4 inches. Differences among entries were 
highly significant. Varieties with shanks at least 6.2 inches long did not differ from one another 
and included Stellar XR, XTH 2074, BSS 30761, Battalion, AP426, Anthem XR-2, and XTH 
3674. Varieties with shanks shorter than 4.76 inches did not differ significantly and included SV 
1580SC, Obsession, Satisfaction, Sweet Success, AP358, EX08767143, SV 1580SC, Aces, 
Vision MXR, and CAPBF10-411. 
Ear height ranged from 18.6 to 33.8 inches, averaged 25.9, and differed significantly among 
varieties. Aces and Journey both had ears higher than 32 inches and did not differ significantly. 
Varieties with ears less than 24.7 inches high included Satisfaction, XTH 2475, XTH 20173, 
Anthem XR-1, Sweet Success, Awesome XR, Vision MXR, AP358, CAPBF10-411, and XTH 
2472; of these XTH 2472, with ears 18.6 inches high, was significantly different from all except 
CAPBF10-411. Days to harvest explained 42% of the difference in ear height; later varieties 
tended to produce ears higher off the ground. Entries with ears higher than would be expected 
based on harvest date included Stellar XR, Cabo, ACR 2023, Journey, and Aces. Those with ears 
lower than expected based on harvest date included XTH 2472 and Snack Pack.  
Husk cover ratings averaged 3.4 on a 1 to 5 scale, with 5 best. Four entries, ACR 2023, 
CAPBF10-411, XTH 2475, and Vision MXR, had uniform ratings for husk cover across all three 
replications and so were omitted from the analysis of variance. For the remaining 26 entries, 
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varieties with ratings greater than 4.1 (4=at least 1.25 inches of cover) did not differ significantly 
and included SS 2742, AP358, AP426, Aces, Awesome XR, and XTH 2472; ACR 2023 also fell 
in this range. Varieties with ratings less than 2.7 (3=at least 3/4 inches of cover) included 
Obsession, Sweet Success, SV 1077SD, SV 1580SC, XTH 3274, and SC 1336; these did not 
differ significantly. 
Tip fill rating ranged from 3.2 to 5.0 and averaged 4.4 on a 1 to 5 scale, with 5 best. Three 
entries, ACR 2023, SV 1580SC, and Anthem XR-2, had uniform ratings for tip fill across all 
three replications and so were omitted from the analysis of variance. For the remaining 27 
entries, variety significantly influenced tip fill ratings. SS 2742, Snack Pack, Aces, and XTH 
3274 received tip fill rating greater than 4.8 but did not differ significantly from 15 other 
varieties with tip fill rating of at least 4.3 (4=less than 1/2 inch unfilled); ACR 2023, Anthem 
XR-2, and SV 1580SC also fell in this range. AP358, Vision MXR, and Journey averaged 3.8 or 
less for tip fill and did not differ significantly from one another.  
Overall ear quality rating ranged from 3.0 to 7.3 and averaged 5.4 on a 9-point scale. Varieties 
that received ratings of 7 or greater, putting them in the top 25%, were Stellar XR, AP426, XTH 
2074, Anthem XR-2, Awesome XR, Anthem XR-1, ACR 2023, and Snack Pack. 
Flavor ratings ranged from 2.3 to 4.3 on a 5-point scale and averaged 3.7 (Table 1). Varieties in 
the top 25% for flavor included EX08767143, Journey, BSS 30761, Stellar XR, XTH 2472, 
Anthem XR-2, Anthem XR-1, and Aces. Pericarp toughness ranged from 1.7 to 3.7 on a 4-point 
scale (1=very tough; 4=not tough), and averaged 2.9 (Table 1). Nine varieties rated as the least 
tough were XTH 2074, CAPBF10-411, XTH 20173, Cabo, Anthem XR-1, Awesome XR, 
AP426, AP358 and Fantastic XR. 
Considering yield, ear quality, and plant characteristics, the most promising bicolor varieties in 
the trial included Awesome XR, XTH 2472, XTH 2074, and AP426. Among the three yellow 
varieties, the early variety Vision MXR had the smallest ears, but in terms of yield in dozens per 
acre and ear quality it was at least as good as SV 1077SD and SC 1336. Of the three white 
entries, XTH 3674 had the best ear quality and SV 1580SC produced the greatest yield.  
Evaluation of results presented here combined with results from other locations and years should 
aid producers in selecting varieties best suited to their operations.  
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Saginaw Valley Research and Extension Center 
2014 sh2 Sweet Corn Variety Trial 
Ben Phillips Michigan State University Extension 
One Tuscola St Saginaw, MI 48607 
Office: (989) 758-2502 Email: phill406@msu.edu 
A sweet corn variety trial was planted at the Saginaw Valley Research and Extension Center 
(3775 S. Reese Road, Frankenmuth, MI 48734). Seminis, Syngenta, Crookham, and Illinois 
Foundation Seed Inc. generously donated publicly available sh2 sweet corn seeds. 
The 24 randomized plots consisted of three replications of eight sh2 varieties (Table1). Dual 
Magnum (1pt/a) and urea (to supply 120 lb/a N) were applied to the field approximately two 
weeks before planting. The soil type was a Tappan-Londo loam with a poor-moderate drainage 
classification, typical of Michigan’s Saginaw Valley. 
On June 27, 2014, sweet corn was machine-planted at a rate of one seed per 10 inches. Each plot 
had four rows that were 27 feet long and 30 inches apart, with a 5-foot break (east-west) between 
varieties. On July 16, 2014, the plots were thinned. Plots were hoed on July 16, and August 4. No 
further pesticide plot treatments were applied. 
Sweet corn was harvested on September 22 (day 87), and measurements were taken on the same 
day as harvest. One entire inner row of each plot was tallied for harvestable ears, and five ears 
were randomly chosen to measure their length and diameter, tip fill (number of ears with a full 
tip), and pest damage (number of ears containing insects). Plots were also assessed for plant 
height (3 levels: short, medium, tall), wind lodging (yes or no), and disease presence (1-3 
severity ranking). A couple from a locally respected sweet corn farm were tasked with tasting 
and rating all eight varieties for flavor. 
Results 
Overall, EX08767143 and SC1336 had the best disease resistance, tallest height, and were the 
highest yielding sweet corn in bushels/A and ears/plant (Figure 1 and Table 1). However, despite 
reaching their predicted maturity date, neither was uniformly mature and both lacked sweetness 
according to our tasters. The other tall variety, AP426, also lacked sweetness, and contained the 
highest proportion of earworms. The two shortest varieties, XTH2475 and AP358, had two of the 
highest sweetness ratings. Michigan had a milder than average summer this year, and so flavor 
development may have been more a function of weather than genetics. For most varieties, one 
plot in three received wind damage and lodged. However, SC1336 did not lodge in any plots, 
and XTH2475 showed lodging in all plots. Rust and northern corn leaf blight were found in all 
plots to some level. Varieties EX08767143 and SC1336 consistently had the lowest level of 
disease pressure, while BSS30761 and XTH20173 had the highest level. Given more time for 
kernels to develop, the two Seminis varieties, EX08767143 and SC1336, show a lot of potential. 
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Figure 1. Performance in bushels/a (Bu/A) of eight sh2 sweet corn cultivars at the Saginaw 
Valley Research and Extension Center, Frankenmuth, Michigan. The trial was planted at 30-
inches between rows and 10-inches in the row (21,000 plants/acre). All cultivars were harvested 
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Collaborating with Extension Master Gardeners 
to Evaluate Tomato Cultivars 
Charles J. Barden, G.A. Pabodha Galgamuwa, and Ward Upham, 
Department of Horticulture, Forestry, and Recreation Resources, Kansas State University 
Introduction 
Typical vegetable cultivar yield trials are very labor intensive and require extensive contiguous 
areas for replicated plots. Often the results from even these well-designed experiments are of 
limited interest to refereed journals, thus there is little incentive for university faculty to conduct 
these types of trials. Every year new vegetable cultivars are introduced, and there is intense 
interest from commercial growers and home gardeners to learn if the new cultivars will perform 
better than the current standards in their particular region. In response to these conflicting 
demands, a new type of multilocational trial was initiated with assistance from Master Gardener 
groups, based on Citizen Science principles. Citizen Science is a participatory system of 
conducting research involving nonscientists in the collection of research data. It has been used in 
other vegetable production studies (Gittleman et al. 2012).  
Materials and Methods 
Each year Kansas State University Research and Extension Master Gardener (MG) groups 
receive flats of selected tomato and pepper cultivars for planting in demonstration or community 
gardens. Information on the study methodology is provided to each group. In exchange for these 
“free” plants, the MG groups are required to collect various types of data throughout the season, 
entering their observations on standardized forms. Participants are instructed to establish and 
manage all the plants using uniform spacing and cultural practices at each site. Data recorded 
include information about the garden plot, such as soil texture, tillage depth, fertilization, 
irrigation, transplanting dates, plant spacing, and care. Observational data is recorded at least 3 
times during the season, where the new cultivars are compared to a common standard in terms of 
vigor, disease resistance, relative yield, uniformity, and cracking (Table 1). A simple 3-point 
scale is used, with a rating of 1 for poor performance, 2 for fair performance, and 3 for good 
performance. If a new cultivar earns an identical numerical rating to the check, to further 
compare the two cultivars, a plus (+) is added to denote that the new cultivar is better than the 
check, a zero (0) indicates they are equivalent, and a minus (-) for new cultivars that are judged 
inferior to the check. A similar relative-comparison system is used in the All-America 
SelectionsR vegetable trials (Lawson 2013). A column is provided for comments. 
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Table 1. Example rating sheet. 
Please rate all the varieties on a 1=poor, 2=fair, and 3=good scale 
Please also compare the test varieties with the “check” and rate them better (+), worse (-) or 
same (0) 
(Thus, the boxes of the test varieties will include two entries, i.e., 2+) 
Plant Characteristics Fruit Characteristics 
Variety # Plants Vigor Disease Resistance 
Relative 
Yield Uniformity Cracking Comments 
Jetstar-
Check 
6 3 3 2 3 2 Sunscald 
Country 
Taste 
6 3 - 3 0 2 - 2 - 3 +  
Big Beef 5 3 + 3 0 3 + 3 - 2 -  
Pink 
Beauty 
6 3 0 3 0 3 + 3 + 3 +  
Mr. Ugly 6 2 0 3 0 1 - 2 - 2 0 Blossom 
end rot 
Each planting location is treated as one replication, with observational data being collected at 6 
to 10 sites per year. Yield data is also recorded at 2 to 3 sites each year. Observations from these 
multiple trial sites are then used to evaluate both current recommended cultivars and potential 
new cultivars.  
The best performing cultivars in a particular year are retained in the trial for next year to confirm, 
while poorly performing cultivars are usually dropped and replaced by a new cultivar for next 
season. Reported here are the summary of the tomato trials conducted from 2007–2013. The 
primary goal of this study was to identify the best performing tomato cultivars to help update the 
list of K-State recommended vegetable varieties.  
All the plants were started from seeds direct-sown into plastic 6-packs which were raised in the 
greenhouse. Each group gets a flat containing 6 plants each of 10 different cultivars. The check 
cultivars have varied from year to year, depending on available seed. Crista (four times), 
Celebrity (twice), and Amelia (once) have been used for the determinate type tomatoes. Jetstar 
has been used for all years except one, when Jetsetter was used as the check cultivar for the 
indeterminate types.  
Results 
The cultivars evaluated in the trials are listed in Table 2 (indeterminates) and Table 3 
(determinates). A total of 11 indeterminate and 23 determinate cultivars have been assessed with 
this system. As an example of the results, mean ratings for yield, uniformity, and cracking are 
shown in Figures 1 and 2 for indeterminate and determinate cultivars assessed in 2012. The n 
values shown are the number of plants of each cultivar the rating is based on. From Figure 1, it 
can be seen that Pink Beauty was rated higher in yield, uniformity, and resistance to cracking, 
whereas Mr. Ugly was rated lower in all parameters. The other two cultivars examined, Big Beef 
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and Country Taste, were very similar to the check Jetstar, although Big Beef was more prone to 
cracking in 2012. 
Results for determinate varieties show greater yield in 2012 for Florida 91, Primo Red, and 
Charger, whereas all cultivars exhibited fewer cracking defects than the check Celebrity, except 
for Charger, which was similar (Figure 2).  
Table 2. Indeterminate tomato cultivars evaluated. 
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Table 3. Determinate tomato cultivars evaluated. 















Crista Amelia Road Runner 3 
Road 
Runner 3 Tribeca Defiant Defiant 
BHN 602 BHN 602 Security 28 Security 28 BHN 602 BHN 961 BHN 964 
Florida 91 Florida 91 Florida 91 Valley Girl Florida 91 Florida 91 Red Deuce 
RFT-6153 RFT 6153 RFT 6153 Mt. Fresh Mt. Fresh Mt. Fresh Hy Beef 
Sunmaster Scarlet Red Scarlet Red Scarlet Red Hy Beef Charger Charger 
  Husky Primo Red Primo Red Primo Red Red Bounty 
  Red Defender  Fabulous Fabulous  
  Mt. Glory  Mt. Glory   
    Red Defender   
 







































Midwest Vegetable Trial Report for 2014
160
Figure 3. Yield data recorded at St. Joseph, MO, for determinate tomato — 2012. 
Yield data from the St. Joseph, MO, site is shown in Figure 3. The top two yielding cultivars 
(Florida 91 and Charger) each averaged over 25 lb/plant. The check cultivar Celebrity and BHN 
961 each yielded 20 lb/plant, with Primo Red slightly above, and Defiant slightly below this 
value. These yield results are consistent with the mean rankings provided by the other sites, with 
the exception of the total yield of Defiant. Defiant is a smaller-fruited cultivar, and averaged over 
70 fruit per plant at that location, whereas other cultivars produced between 38–55 fruit per plant 
(data not shown). 
After several years of good performance compared to popular check varieties, the new cultivars 
will be added to the Kansas State University Horticulture Report “Recommended Vegetable 
Varieties” (Carey et al. 2009). Although Big Beef did not distinguish itself in 2012, it has proven 
to be an excellent variety with performance exceeding the check in 3 out of 5 years and  equaling 
the check one year (Table 4). No other indeterminate cultivar has surpassed Jetstar more than 
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Table 4. Recommended indeterminate tomato cultivars. 
Cultivar Performance Exceeds Check  Sources 
Jetstar Check HR, PT, HPS, TGS 
Jetsetter Check TW, HPS  
Big Beef 3 / 5 (1 time equal) HR, RU, SW, ST, TW, JS, HPS  
Abraham Lincoln 1 / 2 HPS  
Conestoga 1 / 2 HR, ST 
Grandmas Pick 1 / 2 SW, TW 
Pink Beauty 1 / 2 JS 
Country Taste 1 / 4 PT, HPS  
Beefy Boy 0 / 1 (1 time equal) PA 
Table 5. Recommended determinate tomato cultivars. 
Cultivar Performance Exceeds Check Sources 
Amelia Check HR, SW, TW 
Crista Check HR 
Celebrity Check HR, RU, SW, ST, TW, JS, PT, TGS 
Defiant 2 / 2 JS 
Charger 2 / 2 RU, SW, JS, HPS, TGS 
Hy Beef 2 / 2 ST 
Sunmaster 1 / 1   
BHN 964 1 / 1 RU 
Red Deuce 1 / 1 SW 
Red Bounty 1 / 1 HR, SW 
Florida 91 3 / 5 (1 time equal) SW, TW, TGS 
Primo Red 2 / 3 HR, SW, ST 
Red Defender 1 / 2 HR 
RFT 6153 1 / 3 (1 time equal) SW 
BHN 602 1 / 3 (1 time equal) SW 
Scarlet Red 1 / 3 HR, SW, ST 
Mt. Fresh 1 / 3 HR, SW, ST, TW, JS, HPS 
BHN 961 0 / 1 (1 time equal) SW 
Fabulous 0 / 2 (1 time equal) PA 
Considering the determinate cultivars, Florida 91 has been rated better than the check cultivar in 
3 out of 5 years (Table 5). Several cultivars have earned better ratings in both years that they 
have been evaluated, including Defiant, Charger, and Hy Beef. Primo Red has exceeded the 
check in 2 out of 3 years. Cultivars that need more evaluation, but that have exceeded the check 
cultivar in the one year that they were evaluated, include BHN 964, Red Deuce, and Red Bounty. 
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Determinate cultivars that have performed poorly in both years they were evaluated include Mt. 
Glory, Security 28, and Road Runner 3 (Table 6). Fabulous did not outperform the check in 
either year it was evaluated, but was rated equivalent once. 
Table 6. Determinate cultivars that have performed poorly. 
Cultivar Performance Exceeds Check 
Mt. Glory 0 / 2 
Security 28 0 / 2 
Road Runner 3 0 / 2 
Husky 0 / 1 
Valley Girl 0 / 1 
Tribeca 0 / 1 
Conclusions 
Replicated field plot data is still the preferred measure of vegetable production performance. 
However, when this data is not available locally, the authors feel the multilocational 
observational data reported here has some value, particularly when consistent results are 
obtained over several years. Most state Extension programs have a cadre of Master Gardeners, 
and with the explosion of interest in community gardens and local food production there is 
increasing interest in local vegetable performance trials. 
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Eighteen Rootstock and Five Scion Tomato 
Varieties: Seedling Growth Rates Before Grafting 
and Success in Grafting the Ninety Variety 
Combinations 
Bizhen Hu, Jennifer Moyseenko, Stephanie Short, Sonia Walker, Matthew D. Kleinhenz 
Department of Horticulture and Crop Science 
The Ohio State University, Ohio Agricultural Research and Development Center, 
Wooster, Ohio 
Matthew D. Kleinhenz: 122 Gourley Hall, 1680 Madison Ave., Wooster, OH 44691 
Phone: (330) 263-3810 Email: kleinhenz.1@osu.edu 
The use of grafted plants to lessen the impacts of abiotic and biotic stresses is increasing in U.S. 
open field- and high tunnel-based production. Growers can purchase or prepare their own grafted 
plants. Regardless, all who prepare grafted plants benefit from research-based information 
regarding the compatibility of various rootstock-scion combinations and the growth of rootstock 
and scion variety seedlings before grafting. Rootstock and scion seedlings can be grafted only 
when their stem diameters are similar and approximately 1.5-3.0 mm. Therefore, the relative 
growth rate of rootstock and scion seedlings strongly influences sowing and grafting schedules. 
Genetically or physically mismatched rootstock and scion seedlings can have significant 
negative consequences. To our knowledge, the number of commercially available rootstock 
varieties has increased nearly 10-fold in approximately six years but information regarding 
rootstock compatibility and seedling vigor is largely unavailable. We documented the growth 
rate of eighteen tomato rootstock and five scion varieties and tested the graft survivorship and 
performance of ninety potential rootstock-scion combinations representing growers’ production 
needs and goals. 
Materials and Methods 
Plant Materials and Seeding Conditions 
Eighteen tomato commercial rootstock and five scion varieties were selected based on grower 
input and our familiarity with varieties. Tomato growers throughout the Midwest and North-
Central U.S. were contacted directly through the collaboration and use of 19 organic certifying 
agencies, 25 grower associations, five trade publications, four listservs, and 11 farmer groups. 
Information, particularly about disease resistance, of commercial tomato rootstocks was obtained 
from seed catalogues and seed company websites. Grower input was used in variety selection. 
Collectively, the rootstock varieties were developed by 12 companies and contain approximately 
11 disease tolerance/resistance packages. The selected scion varieties represent hybrid and 
heirloom and round- and oblong-fruited types. A list of the rootstock varieties included in the 
study and their characteristics are shown in Table 1 and in a reference table updated annually 
(www.vegetablegrafting.org/wp/wp-content/uploads/2012/08/usda-scri-etal-tomato-rootstock-
table-feb2013-mk-1.pdf). 
Two rounds of growth and compatibility evaluations were completed February-April, 2014 in a 
climate-controlled greenhouse located at the Ohio Agricultural Research and Development 
Center in Wooster, OH. In the greenhouse, the average temperature was 74 °F, relative humidity 
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was 37%, and photosynthetically active radiation (PAR) was 130 µmol m-2s-1 during round 1; the 
average temperature was 75°F, relative humidity was 46%, and PAR was 197 µmol m-2s-1 during 
round 2. Seed were sown on February 25, 27, 28, and March 1, 2014 for round 1; and on March 
26, 28, and April 2, 2014 for round 2. All seed were sown into 96-cell trays filled with PRO-
MIX® MP MYCORRHIZAE™ Organik™ (Premier Tech, Canada) growing medium. Trays were 
placed on capillary mat on a bench with an automatic irrigation system. 
Stem Diameter Growth Measurement 
Stem diameter was measured 1 cm below the cotyledons 12, 15, and 18 days after sowing.	  One 
more measurement was taken 26 days after sowing on the three slowest-growing varieties 
(Trooper, Estamino, and RST-04-105) in round 1. The data were fit to a linear model using Proc 
Reg in SAS (version 9.3; SAS Institute, Cary, NC). R square of each fitting was from 0.47 to 
0.90 in round 1 and 0.43 to 0.88 in round 2. Estimated parameters in the linear model were used 
to calculate predicted days needed to reach 1.5 mm and 3.0 mm (the minimum and maximum 
stem diameter suitable for grafting) in Microsoft Excel (2010). The days to reach 3.0 mm were 
out of the range of actual measurement; therefore, they are projections. 
Grafting Procedure and Healing Conditions 
The day of emergence was noted for each plant. Plants were grafted when they reached 1.5 to 2.5 
mm in stem diameter. Plants of each variety that emerged within the same three-day period and 
that were similar in size were selected in order to minimize within-variety plant to plant variation. 
In round 1, grafting days were March 19, 21, 24, and 25, 2014; in round 2, grafting days were 
April 12, 14, 15, 16, 18, and 21, 2014. The cleft graft method (hcs.osu.edu/vpslab/grafting-guide) 
was used to graft all plants. Rootstock and scion seedlings at similar growth stage and with 
matching stem diameters were selected. 
Immediately after grafting, plants were placed in a healing chamber in the same greenhouse 
room used for seedling production for two weeks until evaluation. The healing chamber was 
constructed and used as described previously (hcs.osu.edu/vpslab/grafting-guide) using a 
polyvinyl chloride (PVC) frame covered by one layer of clear plastic sheeting overlain by one 
layer of shade cloth (47% light transmission in PAR). Within the chamber, an automatic 
irrigation system with drippers and foggers was used to maintain high moisture. The four sides of 
the healing chamber were opened gradually over time, as weather and plant status allowed, to 
lower relative humidity and limit adventitious root development. Temperature and relative 
humidity in the healing chamber were recorded continuously at 5-min intervals with Hobo 
ProV2 data loggers (version 2.5.0, Onset Computer Co., Pocasset, MA, USA) throughout the 
study. The average temperature in the healing chamber during round 1 was 73°F and relative 
humidity was 87%; during round 2, the average temperature and relative humidity was 74°F and 
88%, respectively. 
Graft Survivorship Assessment 
Two weeks after grafting, graft survival was rated based on scion appearance using metrics as 
described previously (hcs.osu.edu/vpslab/grafting-guide; Johnson and Miles, 2011). Grafted 
plants with completely wilted scions were regarded as dead while all other plants were scored as 
living. The number of living plants was counted for each combination, and survivorship was 
calculated as the number of living plants divided by the total number of plants grafted for each 
combination. 
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Survivorship data were collected for 90 rootstock-scion combinations. Due to the limited 
grafting capacity of a grafter on a day, the experiment was conducted using an augmented design. 
Ninety rootstock-scion combinations were assigned to grafters randomly, and grafted on 
different days as soon as plants grew to 1.5-2.5 mm in stem diameter. Each grafter and graft day 
combination was treated as a block. Self-grafted Cherokee Purple was used as the common 
control and repeated twice within each block at random. Twelve grafted plants were grafted for 
each combination. The experiment was repeated twice in February-March and March-April 2014, 
within the months allotted for commercial propagation of grafted tomato seedlings. 
Data analysis was conducted by the Proc Glimmix procedure in SAS (version 9.3; SAS Institute, 
Cary, NC). Survivorship was the response variable, and rootstock, scion, rootstock*scion 
interaction and block were treated as fixed effects. Treatment means were separated using a pdiff 
option in the LSMEANS statement at α=0.05. The Tukey method was applied for multiple 
comparison adjustment to analyze the differences in least square means. 
On-farm Evaluation of Grafted Plants 
Growers were invited to nominate their farm as a site for the summertime evaluation of grafted 
plants prepared in phase 1 of the study. Invitations to self-nominate their farm were issued to 
growers through the collaboration and use of 24 organic certifying agencies, 13 grower 
associations, representatives of six industry trade publications, five seed companies, and four 
grower-oriented listservs operating in the Midwest and North Central U.S. Requests to 
participate in the evaluation exceeded the number of plants available for distribution by three-
fold. A total of 86 growers submitted requests through an online form (www.hcs.osu.edu/vpslab). 
Growers were selected on a first come, first serve basis by order of receipt of request and then by 
state the grower was located in. A total of approximately 1,000 grafted plants representing 90 
rootstock-scion combinations were shipped in mid-April, 2014 to 31 growers in 13 states for on-
farm evaluation. 
Results and Discussion 
Predicted days needed for each variety to grow to 1.5 mm and 3.0 mm in stem diameter varied 
among varieties (Table 2). In round 1, Arnold and Trooper needed 16 and 30 days to reach 1.5 
mm, the shortest and longest times among tested varieties, respectively. Most varieties needed 
17-21 days to reach 1.5 mm stem diameter, although RST-04-105 and Estamino were found to 
require longer: 23 and 24 days respectively. In round 2, Kaiser and Trooper required 10 and 19 
days to reach 1.5 mm diameter (the shortest and longest among all varieties, respectively) while 
most varieties required 12-15 days to reach 1.5 mm stem diameter. The five scions required an 
intermediate amount of time to reach 1.5 mm stem diameter (19 or 20 days in round 1 and 13 or 
14 days in round 2), although San Marzano 2 was estimated to require 17 and 12 days in rounds 
1 and 2, respectively. The amount of time that varieties were found or projected to attain stem 
diameters of 1.5 m-3.0 mm (the grafting window) ranged from 10 to 25 days in round 1 and 6 to 
16 days in round 2. 
Survivorship in either round of evaluation did not differ significantly among the 90 rootstock-
scion combinations tested here (Table 3). Graft survival exceeded 92% in all combinations 
(Table 4) with a studywide average of 97%. However, survivorship differed by day of grafting 
and grafter in round 2 (p=0.02). 
Growers continue to provide quantitative and qualitative information from on-farm evaluations 
of grafted plants provided to them. The information will be submitted for inclusion in the 2015 
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Midwest Vegetable Trial Report. A preliminary assessment of information available to date 
suggests that grafted plant performance varied by rootstock-scion combination and farm and that 
growers remain interested in additional evaluations and data on grafted plant performance. 
We documented the seedling growth rate of 18 commercial rootstock and five scion varieties and 
the percent survivorship of 90 grafted combinations. We also tracked graft survivorship by 
grafter and day of grafting and provided grafted plants to 31 growers in 13 states for evaluation. 
We learned that: a.) growth rates, including stem diameters, which are important in grafting, vary 
significantly among rootstock varieties; b.) that the growth rates of many rootstock varieties may 
differ from scion varieties; c.) that graft survivorship may differ less than growth rates; d.) that 
grafter and grafting-day conditions may influence survivorship; e.) that on-farm performance of 
grafted plants is likely to differ among rootstock-scion combinations and locations; and f). that 
growers remain strongly interested in grafted plants as production tools. Based on these findings, 
genetic incompatibility may be less of a concern than scheduling rootstock and scion sowing and 
grafting periods, identifying skilled grafters, and optimizing the condition of grafting stock and 
grafting-healing room conditions. 
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Aiboh Asahi Industries Kaiser Rijk Zwaan Brandywine NE Seed 
Akaoni Asahi Industries Maxifort DeRuiter Seeds Better Boy NE Seed 
Aooni Asahi Industries Resistar Hazera Seeds Celebrity NE Seed 
Armada Takii Seed RST-04-105 DP Seeds Cherokee Purple NE Seed 
Arnold Siegers Seed Co. RST-04-106 DP Seeds San Marzano 2 NE Seed 
B.B. Takii Seed Shield Rijk Zwaan   
Beaufort DeRuiter Seeds Stallone Rijk Zwaan   
Cheong Gang Seminis Vegetable Supernatural A.P. Whaley Seeds   
Estamino Enza Zaden Trooper Seedway   
Note 1. None of the seed used in this study were treated. 
Note 2. Seed of only Kaiser and Stallone were pelleted; all other seed were not pelleted. 
Note 3. Seed of only Arnold, Beaufort, Kaiser, Maxifort, Shield, and Stallone were primed; all other seed were not 
primed. 
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Table 3. Type III tests of fixed effects (rootstock, scion, rootstock*scion interaction, and block) 
on survivorship using the GLIMMIX procedure (SAS version 9.3; SAS Institute, Cary, NC). 
Effect 
Survivorship 
Round 1 Round 2 
DF p DF p 
rootstock 17 0.65 17 0.52 
scion 4 0.82 4 0.97 
rootstock*scion 68 0.99 68 0.64 
block 17 0.52 14 0.02 
Table 4. Graft survivorship (%) of 18 tomato rootstocks and five scions. N=10 for rootstock, 
N=36 for scion, N=66 for self-grafted control. Data are presented as means ± SE. 
Variety Survivorship 
Rootstock 
Aiboh 97 ± 1 
Akaoni 100 ± 0 
Aooni 97 ± 1 
Armada 97 ± 1 
Arnold 97 ± 1 
B.B. 92 ± 3 
Beaufort 99 ± 1 
Cheong Gang 98 ± 1 
Estamino 98 ± 1 
Kaiser 96 ± 3 
Maxifort 98 ± 1 
Resistar 98 ± 1 
RST-04-105 99 ± 1 
RST-04-106 97 ± 1 
Shield 95 ± 3 
Stallone 98 ± 2 
Supernatural 95 ± 3 
Trooper 100 ± 0 
Self-grafted control 95 ± 1 
Scion 
Brandywine 97 ± 1 
Better Boy 98 ± 1 
Celebrity 95 ± 1 
Cherokee Purple 98 ± 1 
San Marzano 2 97 ± 1 
Self-grafted control 95 ± 1 
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Late Blight Resistant Tomato Variety 
Evaluation Conducted with Organic 
Production Practices — 2014 
Margaret T. McGrath, Cornell University, Riverhead, NY 11901 
Karen LaMarsh, Cornell University, Riverhead, NY 11901 
Tomato is an important crop that is routinely affected by diseases. It is important for both 
organic and conventional diversified vegetable growers, which are common in the northeastern 
United States. Fresh local tomatoes are one of the most popular items during summer, therefore 
they are grown by many organic and conventional growers.  
There are several foliar disease affecting tomatoes, including Septoria leaf spot, early blight, 
bacterial speck and spot, late blight, powdery mildew, and leaf mold. Foliar diseases are a 
common occurrence wherever tomatoes are grown. All plantings are affected, even those grown 
under protection (greenhouses and high tunnels) and in small home gardens. Resistant varieties 
would be a valuable tool for managing these diseases, particularly late blight because it occurs 
sporadically and can be difficult to control with fungicide applications started after onset. 
Organic growers on Long Island have identified tomato as a high priority for research.  
The goals of this experiment, which is part of a multi-year project, were to evaluate new tomato 
varieties and experimental hybrids with resistance to late blight in terms of 1). susceptibility to 
naturally-occurring foliar diseases, and 2). yield and fruit quality.  
Materials and Methods 
The experiment was conducted at the Long Island Horticultural Research and Extension Center 
(LIHREC) in Riverhead, NY, in a field with Haven loam soil that has been dedicated to research 
on organically produced crops since 2001. Organic fertilizer at 105 lb/A N was spread over rows 
to be planted, then incorporated. Three products were used each at 700 lb/A: Pro-Grow 5-3-
4, Cheep Cheep 4-3-3, and 6-0-6 Cotton seed blend. Next, drip tape was laid as the rows were 
covered with black plastic mulch. A combination of annual ryegrass and clover were planted 
between rows of plastic mulch to establish a living mulch by broadcasting seed with a hand-
operated spreader, then lightly raking to incorporate. The ryegrass plus weeds that grew were 
mowed routinely. Some weeds were removed by hand.  
Tomato seed were sown in an organic seeding mix in the greenhouse on May 10. Seedlings were 
transplanted by hand on June 17 into holes opened in the plastic mulch by a waterwheel 
transplanter that also placed in the holes a starter fertilizer, Neptune’s Harvest Benefits of Fish 
(2-4-1 N-P-K). Drench applications of this fertilizer to the base of plants were made on August 8, 
15, and 29, and September 5 and 12.  
A completely randomized block design with four replications was used. Plots consisted of 10 
plants in a single row with 24-in. plant spacing and 68-in. row spacing. A yellow cherry-type 
tomato plant (cv. Sungold) separated plots within rows. This variety was also planted in a 
spreader row between the second and third replications. Plots for each of the four replications 
were in three adjacent rows. Following standard procedure for fresh-market tomato production 
on Long Island, plants were staked and trellised as they grew using the Florida weave trellising 
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system with 4-ft stakes placed between plants. Water was provided as needed through drip tape 
laid beneath the plastic mulch.  
Thrips, tomato fruitworms, and other insect pests were managed by applying Entrust (8 oz/A) on 
July 17 and 25, August 4, and September 2. The application was made using a tractor-mounted 
boom sprayer equipped with twinjet (TJ60-11004VS) nozzles spaced 17 in. apart that delivered 
63 gal/A at 65 psi.  
Leaves were examined for symptoms of any foliar disease sixteen times from July 16 to October 
8. Late blight and other diseases observed were assessed by estimating the percentage of leaves 
in each plot with symptoms (incidence) and the severity of symptoms on these affected leaves. 
Canopy severity was calculated by multiplying these values. Area Under Disease Progress Curve 
(AUDPC) was calculated for late blight severity from September 17 through October 8. All 
diseases occurring developed naturally; inoculum was not introduced.  
Ripe fruit were harvested on August 26, September 8, 15, 23, and 30, and October 8. Green fruit 
were also harvested on October 8. Fruit quality attributes assessed included taste rated on a 1-5 
scale with 5 being excellent.  
Average monthly high and low temperatures (°F) were 79/60 in June, 82/67 in July, 81/64 in 
August, 77/61 in September, and 66/53 in October. Rainfall (inches) was 2.47, 2.24, 2.42, 1.86, 
and 5.43 for these months, respectively.  
Results and Discussion 
Late blight was first observed on June 20 on Long Island, NY, in 2014. Very few symptoms 
were found that day in a commercial potato crop in Suffolk County located about 5 miles from 
the research field for this experiment. Source of inoculum for this crop could not be determined. 
Symptoms were found in three additional crops before being found in this experiment on August 
15. US-23 was the only genotype of Phytophthora infestans found in the region, including at 
LIHREC.  
Late blight became moderately severe in this experiment on the late blight-susceptible variety 
(Mountain Fresh Plus), reaching 52% leaves with symptoms and 46% canopy severity on 
September 22. Subsequently many leaves died. Defoliation was 94% on October 8. All varieties 
evaluated were significantly and substantially less severely affected by late blight than Mountain 
Fresh Plus, including Pruden’s Purple and Wapsipinicon Peach, which were not bred to be 
resistant (Table 1). Observations by others of less severe late blight on these relative to other 
varieties prompted their inclusion in this experiment. No symptoms of late blight were found on 
plants of Mountain Merit (red slicer type fruit) or Mountain Magic (campari type), which are 
both heterozygous for Ph2 and Ph3 major genes for resistance. Plum Regal is homozygous for 
Ph3. Powdery mildew and Septoria leaf spot were both most severe on Wapsipinicon Peach and 
least severe on Mountain Magic. JTO 1175 exhibited the least defoliation on September 29, but 
this was only significantly different from Pruden’s Purple and Wapsipinicon Peach. Late blight 
symptoms were also not found in the nonreplicated plantings (single plots) of four varieties from 
a local grower-breeder who felt they had resistance from her observations. 
Significant differences in yield were detected among varieties examined (Table 2). Quantity of 
fruit produced was primarily determined by fruit type, with the greatest number produced by 
Mountain Magic, the variety with the smallest fruit (campari aka cocktail type fruit). Mountain 
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Fresh Plus and Mountain Merit produce red slicer type fruit. JTO 1175 produces red plum type 
fruit. 
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Table 1. Severity of late blight and other naturally occurring foliar diseases on tomato varieties, 
Riverhead, New York, 2014. 
Entry Name 
Disease Severity (% canopy affected)z Defoli- 
ation 
(%)z Late Blight Powdery Mildew 
Septoria Leaf 
Spot 
17 Sep. AUDPCy 17 Sep. AUDPCy 29 Sep. AUDPCy 29 Sep. 
Mountain Fresh Plus  33.4 a 377.3 a 8.4 c 383.2 bc 2.8 7.6 ab 46.3 ab 
Pruden’s Purple 1.2 b 10.1 b 14.6 bc 248.9 cd 1.4 1.9 bc 50.0 a 
Wapsipinicon Peach  0.8 b 1.8 b 64.0 a 1,499.6 a 1.6 2.6 a 50.0 a 
JTO 1175 1.0 b 9.2 b 1.7 c 255.2 cd 0.6 0.4 b 5.5 b 
Plum Regal 0.4 b 1.5 b 2.6 c 257.6 cd 2.1 4.3 ab 17.8 ab 
Mountain Merit 0.0 b 0.0 b 45.5 ab 934.8 ab 2.6 6.9 ab 38.8 ab 
Mountain Magic  0.0 b 0.0 b 0.2 c 23.8 d 0.1 0.0 c 15.0 ab 
P-value (treatment) 0.0001 0.0001 0.0001 0.0001 0.6601 0.0001 0.0069 
Clackamas 
Blueberryx 0.0   0.0   1.0   25.8   0.0 14.9   20.0   
Fahrenheit Bluesx 0.0   0.0   30.0   40.4   0.0 9.5   5.0   
Blue Pittsx 0.0   0.0   0.3   9.5   0.0 11.6   5.0   
Stripe of Yorex 0.0   0.0   4.0   28.1   0.0 11.2   5.0   
zNumbers in each column with a letter in common are not significantly different from each other (Tukey’s HSD, 
P=0.05). 
yAUDPC values for replicated plots were square root transformed before analysis. Table contains detransformed 
values. 
xData not statistically analyzed because these were single observational plots. 
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Table 2. Yield of tomato varieties, Riverhead, New York, 2014. 
Variety Seed Sourcew 
Yield (# fruit/plant)z 
Marketabley Totalx 
30 Sep. 8 Oct. Allv 8 Oct. Allv 
Mountain Fresh Plus  BE 1.0 b 0.8 b 4.7 cd 7.8 d 18.7 cd 
Mountain Merit BE 0.8 b 0.4 b 4.0 cd 10.5 cd 17.9 cd 
Plum Regal BE 1.9 b 1.1 b 8.2 bcd 36.5 b 48.8 b 
JTO 1175 JS 2.4 b 1.8 b 10.0 bc 35.4 bc 47.3 b 
Wapsipinicon Peach  TT 3.1 b 2.0 b 13.0 b 25.8 bcd 40.6 bc 
Pruden’s Purple JS 0.5 b 0.1 b 2.7 d 2.0 d 9.3 d 
Mountain Magic  BE 8.3 a 9.3 a 45.9 a 106.4 a 148.4 a 
P-value (treatment)  0.0012 0.0001 0.0001 0.0001 0.0001 
Clackamas Blueberry G 0.8   0.6   1.4   30.0   101.1   
Fahrenheit Blues G 0.0   2.4   2.4   23.6   116.5   
Blue Pitts G 14.1   20.5   34.6   27.4   136.4   
Stripe of Yore G 1.4   2.1   3.5   6.5   25.6   
zNumbers in each column with a letter in common are not significantly different from each other (Tukey’s HSD, 
P=0.05). 
yAUDPC values were square root transformed before analysis. Table contains detransformed values. 
x‘Total’ represents marketable and unmarketable fruit, which included those that had rotted, split, or were damaged 
by insect feeding plus unripe fruit present at last harvest on October 8. 
wBE= Bejo Seeds, G=Grower (Tom Wagner, seed procured by Invincible Summer Farms), JS=Johnny's Selected 
Seeds, and TT= Totally Tomato 
v‘All’ is the summation of fruit harvested on 6 days (August 26, September 8, 15, 23, and 30, and October 8).  
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2014 Evaluation of Determinate Tomato Varieties 
for High Tunnel Production in Kansas 
Kimberly L. Oxley and Cary L. Rivard 
Kansas State University 
Dept. of Horticulture, Forestry, and Recreation Resources, Manhattan, KS 
High tunnel (hoop house) production of vegetables has become very common in Kansas as they 
protect the crop from wind and storm damage in addition to providing season extension. We 
conducted a variety trial of determinate hybrid tomatoes grown in a high tunnel to determine 
which cultivar is best suited for hoop house cultivation in the Great Plains. Ten commercially 
available varieties were tested and yields ranged from 19.5 to 23.3 lbs of total fruit per plant. The 
three varieties with the highest marketable yield were ‘Red Deuce,’ ‘Primo Red,’ and ‘Biltmore.’ 
‘Red Deuce’ had the largest marketable fruit size and ‘Primo Red’ had the highest percent 
marketability by fruit number and weight. 
Introduction 
Fresh-market tomatoes are a valuable crop for vegetable growers in Kansas, and are often grown 
in high tunnels. They provide a valuable commodity that can be sold through farmers’ markets 
and CSA’s as well as wholesale markets and restaurant sales. In four-season high tunnels, 
indeterminates are often used in addition to determinate varieties and heirlooms. However, in 
three-season high tunnels, a vertical trellis system typically cannot be supported by the tunnel 
frame and planting dates are only slightly earlier than traditional field plantings. This offers a 
unique situation where determinates and/or semi-determinates grown in raised-bed plasticulture 
under stake-and-weave management are more practical than indeterminates and/or heirloom 
varieties. The goal of our study was to investigate the performance of 10 determinate hybrid 
varieties for fresh-market production in high tunnels. 
Materials and Methods 
The trial was conducted at the Olathe Horticulture Research and Extension Center located 
approximately 30 miles southwest of Kansas City. Transplants were grown in soilless potting 
media using 50-cell propagation trays. Seeds were sown on March 6, 2014 and transplanted to 
50-cell trays on March 18. Transplants were set on April 22 in one bay of a multi-bay high 
tunnel (96 x 200 foot Haygrove Multibay High Tunnel) in the inner two (of four) rows. The high 
tunnel trials had five plants per plot and in-row spacing was 18 inches, typical of commercial 
determinate production. Preplant crop nutrients were provided by calcium nitrate and potassium 
nitrate using equal portions of nitrogen at 75 lbs nitrogen/acre total. Fertigation was carried out at 
a rate of 10 lbs nitrogen/acre per application on July 15 and 23, and August 7. Calcium nitrate 
was used for the first and third fertigation events and potassium nitrate was used for the second 
fertigation. Plastic mulch and drip irrigation were employed and the stake-and-weave method 
was utilized to trellis the plants vertically. Harvesting was carried out from June 24 until 
September 19. During the last harvest, all fruit larger than 5 cm were picked. Fruit were graded 
for marketability and fruit number and weights were recorded. Average fruit size and percent 
marketability were determined and are presented below. All data were analyzed using ANOVA 
(PlotIt, Scientific Programming Enterprises, Haslett, MI), and a mean separation test was carried 
out by using an F-protected least significant difference (LSD) test. A separate analysis was 
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carried out for each individual observation and the results of the LSD test are shown where 
statistically significant treatment effects occurred.  
Results and Discussion 
Table 1. Marketable and total per plant fruit yield of tomato varieties grown in a three-season 
high tunnel in Olathe, Kansas. 
Variety 
Marketable Total 
Number Weight (lbs) Number Weight (lbs) 
Red Deuce 40.3 abcd 21.0 c 56.6 bcd 25.8 d 
Primo Red 42.7 cde 20.5 c 49.3 a 22.3 abc 
Biltmore 41.4 bcde 18.6 bc 62.9 d 24.5 cd 
Scarlet Red 43.0 cde 18.0 abc 55.1 abc 21.3 ab 
BHN 1021 49.8 f 18.0 abc 73.6 e 23.3 bcd 
BHN 589 46.8 ef 16.9 ab 74.4 e 23.2 bcd 
Volante 36.5 ab 16.7 ab 50.3 abc 20.6 ab 
Tasti Lee 44.4 def 16.1 ab 60.2 cd 19.5 a 
Florida 91 38.5 abc 16.0 ab 58.6 cd 21.5 abc 
Mountain Fresh 35.4 a 14.9 a 58.9 cd 20.4 ab 
LSD (0.05) 5.6  3.5  7.3  3.1  
Table 2. Mean tomato fruit size (lbs) and marketability of tomato varieties grown in a three-
season high tunnel in Olathe, Kansas. 
Variety 
Average Fruit Size (lbs) Percent Marketability 
Marketable Total Number Weight 
Red Deuce 0.53 e 0.47 d 71.8 bc 81.0 bcd 
Primo Red 0.48 de 0.45 d 86.9 e 91.7 f 
Biltmore 0.45 cd 0.39 bc 65.9 ab 75.6 ab 
Scarlet Red 0.42 bc 0.39 bc 78.2 cd 84.8 de 
BHN 1021 0.36 ab 0.32 a 67.6 ab 77.2 abc 
BHN 589 0.36 a 0.31 a 63.0 a 72.6 a 
Volante 0.46 cd 0.41 cd 72.7 bc 80.9 bcd 
Tasti Lee 0.36 ab 0.32 a 73.7 bc 82.7 cd 
Florida 91 0.41 abc 0.37 abc 65.5 ab 73.8 a 
Mountain Fresh 0.42 cd 0.35 ab 60.3 a 73.3 a 
LSD (0.05) 0.06  0.06  8.3  6.7  
‘Red Deuce’ had the highest per plant total and marketable yield, but marketable yield was 
statistically similar to ‘Primo Red,’ ‘Biltmore,’ ‘Scarlet Red,’ and ‘BHN 1021’ (P<0.05). ‘Red 
Deuce’ had statistically similar yield to ‘BHN 1021’ and ‘BHN 589.’ A similar trial was 
conducted in 2013, and ‘Red Deuce’ had the highest marketable and total yield. ‘Primo Red’ was 
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a new entry into the annual variety trials conducted at our location and also performed very well. 
It was second to ‘Red Deuce’ in marketable fruit production as well as total and marketable fruit 
size. Interestingly, the proportion of marketable fruit produced by ‘Primo Red’ was dramatically 
increased over the other entries and was 91.7% for marketability by weight as compared to the 
other varieties, which ranged from 72.6% to 84.8%. The major portion (>60%) of the fruit 
quality problems seen in this trial were the result of blossom end rot (BER). Although the cull 
fruit were not graded specifically for this issue, the results seen in this study were most likely the 
result of a lower incidence of BER.  
Several varieties showed good potential for early-season production, which can be advantageous 
for marketing high-value fruit. In particular, ‘Primo Red,’ ‘Volante,’ and ‘BHN 589’ showed the 
highest yields during the early weeks of July (data not shown). ‘Mountain Fresh,’ ‘Red Deuce,’ 
and ‘Biltmore’ had the highest yields at peak harvest. ‘Biltmore’ also showed very strong 
production in the early part of September, which may be useful for growers looking to cater to 
late markets. ‘BHN 589’ is one of the more common semi-determinate varieties grown in high 
tunnels. In this trial, ‘BHN 589’ produced more consistently from week-to-week than any of the 
others. In fact, it had the highest yields early in the season but had the lowest yield at peak 
harvest (data not shown). 
Acknowledgements  
We would like to sincerely thank the Kansas Vegetable Growers Association for support of this 
project. Seeds were donated by Harris Moran, Seedway, and Johnny’s Selected Seeds. Technical 
support provided by Vicente Mascote, Lani Meyer, Molly Fusselman, Mike Ryan, Brian Boutte, 
Kelly Gude, and Jacob Chapman. We also thank the Olathe Horticulture Research and Extension 
Center for assistance with this project. 
Midwest Vegetable Trial Report for 2014
179
Midwest Vegetable Trial Report for 2014
180
Midwest Triploid Watermelon Variety Trial in 
Southwest Indiana — 2014 
Daniel S. Egel, Extension Plant Pathologist; Dennis Nowaskie, Superintendent; Sara Hoke, 
Agricultural Technician; Southwest Purdue Agricultural Center, Vincennes, IN, 47591 
Introduction 
Indiana continues to rank high in watermelon (Citrullus lanatus L.) production nationally; in 
2013, Indiana was 6th in acres planted at 7,400 acres as well as total value of production at over 
$30,000,000. Indiana watermelon growers ranked 4th in yield per acre at 34,000 lbs./acre. Variety 
selection is one of the keys to remaining competitive in watermelon production. The objective of 
this study was to evaluate yield and internal quality of 23 triploid watermelon varieties grown 
under southwestern Indiana conditions. 
Materials and Methods 
On April 18, 2014, 250 seeds of each of 23 varieties were sown in the greenhouse. Seeds were 
planted in 50-cell black polystyrene flats (T.O. Plastics, Clearwater, MN) using a peat-based 
soilless media: Jiffy-Mix Grower’s Choice Plus (Jiffy Products of America, Lorain, Ohio). The 
pollenizer utilized for the trial was Accomplice and transplants of this variety were produced in 
the same manner. 
The field location was prepared by cultivating and forming raised beds covered with black 
plastic mulch and drip tape in the bed. Plants were irrigated as needed when rainfall was 
insufficient. Prior to bed formation, fertilizer materials were applied preplant, including 350 lbs. 
(46-0-0), 100 lbs. (0-0-60), and 200 lbs. of pelletized lime per acre. The transplants were taken to 
the field on May 21, 2014, and planted in the designated locations based on the randomized 
complete block design with three replications. Row spacing was 8 feet center-to-center with 4- 
foot spacing between plants within the row. Experimental plots were 48 feet in length, which led 
to a planting density of 12 triploid plants and six pollenizers per plot. Pollenizers were 
interplanted in the same row as the triploid varieties arranged between each pair of triploid 
plants. Pests were managed using recommendations in the Midwest Vegetable Production Guide 
for Commercial Growers, 2014 (Egel et al., 2014). 
Fruit were harvested on a weekly basis for a total of five pickings on July 22, July 29, August 5, 
August 12, and August 21. Aside from harvest data, fruit quality data were also collected for 
nine fruit from each variety for parameters such as brix, fruit firmness, and presence of hollow 
heart. Yield data were analyzed by Fisher’s least significant difference test using SAS statistical 
programs (SAS Institute, Cary, NC). 
Results 
There were significant differences in most of the fruit quality characteristics. For example, UG 
132512, Troubadour, and SV0258WA, had significantly higher brix than 6 varieties. It is 
interesting to note that Crunchy Red had a significantly higher firmness rating than all other 
varieties, but the lowest brix value numerically. Troubadour was in the top 3 for brix and 
firmness values. 
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All varieties were rated for hollow heart (Johnson and Ernest, 2012). Relatively low amounts of 
hollow heart were observed in 2014. Eight varieties were never observed with hollow heart. 
Liberty, which was placed in the trials due to a suspected likelihood of hollow heart, had 
significantly less hollow heart than 4 varieties. Unbridled had the highest hollow heart rating at 
value 1.2 mm, significantly more than 18 different varieties.  
Captivation and ORS 12166 had the highest weight-per-acre values, which were significantly 
higher than 9 other varieties. There were no significant differences in the number of fruit per 
acre. Maxima had the highest average fruit weight; Troubadour had the lowest average fruit 
weight, which corresponds to the lowest weight per acre. 
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Table 1. Varieties, seed companies, and comments for SW Purdue Ag Center triploid 
watermelon trial, 2014. 
Triploid Variety Seed Source Comments 
AC 7167 Nunhems SWPAC entry 
ACX 6177 TSS Nunhems   
Captivation Syngenta   
Crunchy Red Harris Moran   
Exclamation Syngenta   
Fascination Syngenta   
Liberty Syngenta SWPAC entry 
Maxima Origene   
Nun 01009 Nunhems   
ORS 12166 Origene   
Razorback Highmark Seeds   
Revelation Highmark Seeds   
Secretariat Sakata   
SV0241WA Seminis   
SV0258WA Seminis   
Traveler Harris Moran   
Tri-X 313 Syngenta SWPAC entry 
Troubadour Harris Moran   
UG 131712 United Genetics   
UG 132512 United Genetics   
Unbridled Sakata   
Wolverine Highmark Seeds   
Yuval Highmark Seeds   
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Table 3. Hollow heart severity of triploid watermelon varieties, 2014.  
Variety Hollow Heart1 
Unbridled 1.2 a 
Fascination 1 ab 
Yuval 0.9 ab 
Revelation 0.9 ab 
UG 132512 0.7 abc 
Razorback 0.4 bcd 
Tri-X 313 0.4 bcd 
Liberty 0.4 bcd 
SV0258WA 0.2 cd 
Troubadour 0.2 cd 
Secretariat 0.2 cd 
SV0241WA 0.2 cd 
Nun 01009 0.1 cd 
UG 131712 0.1 cd 
AC 7167 0.1 cd 
Wolverine 0 d 
ACX 6177 TSS 0 d 
Exclamation 0 d 
Captivation 0 d 
ORS 12166 0 d 
Maxima 0 d 
Traveler 0 d 
Crunchy Red 0 d 
1Hollow heart, 1=less than 10 mm gap, 2=gap between 10-20 mm, 3=gap more than 20 mm. Averages in columns 
separated by Fisher’s least significant difference test (P ≤ 0.05), averages with the same letters are not statistically 
significantly different. 
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Table 4.Total harvest of triploid watermelon varieties, 2014. 
Triploid Variety Weight (lbs.) per Acre Number of Fruit per Acre 
Mean Fruit Weight 
(lbs.) 
Captivation 66,464 a1 3,819.1 17.4 abc 
ORS 12166 66,017 a 3,705.6 17.9 ab 
Wolverine 65,161 ab 4,083.8 16.0 efg 
Exclamation 64,513 abc 3,592.2 18.1 ab 
Unbridled 63,452 abcd 3,743.4 16.9 bcde 
Maxima 63,221 abcde 3,440.9 18.4 a 
Yuval 61,978 abcde 3,894.7 15.9 efg 
ACX 6177 TSS 61,550 abcde 3,554.4 17.4 abc 
Razorback 60,958 abcde 3,856.9 15.8 efgh 
SV0258WA 59,262 abcdef 3,440.9 17.2 abcd 
SV0241WA 59,214 abcdef 3,932.5 15.1 fghi 
Crunchy Red 58,106 abcdefg 3,705.6 15.7 fgh 
Nun 01009 57,136 abcdefg 3,554.4 16.1 def 
Liberty 56,028 abcdefgh 3,592.2 15.6 fgh 
Revelation 54,774 bcdefgh 3,138.4 17.5 abc 
UG 131712 54,225 cdefgh 3,592.2 15.2 fghi 
Traveler 53,848 defgh 3,667.8 14.7 ghi 
AC 7167 52,723 efgh 3,327.5 15.8 efgh 
UG 132512 48,910 fgh 3,327.5 14.7 hi 
Secretariat 48,839 fgh 3,251.9 15.0 fghi 
Tri-X 313 48,528 gh 3,214.1 15.1 fghi 
Fascination 47,896 gh 2,949.4 16.3 cdef 
Troubadour 45,638 h 3,214.1 14.2 i 
1Averages in columns separated by Fisher’s least significant difference test (P ≤ 0.05), averages with the same letters 
are not statistically significantly different. 
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Kentucky Triploid Watermelon 
Variety Trial — 2014 
Shubin K. Saha and Lucas Hanks, University of Kentucky, Lexington, Kentucky 
In Kentucky, watermelon (Citrullus lanatus L.) production area is the second largest of all fresh 
market vegetables. In 2013, watermelons were grown on 1,116 acres accounting for 16% of the 
total fresh market vegetable acreage (USDA, 2014). Watermelons are grown in various areas 
across the state including Casey, Lincoln, Hart, Allen, and Daviess counties. There is also 
potential for increased production, particularly in central and western Kentucky, areas having 
proximity to the large industry in southern Indiana. Selecting an appropriate variety continues to 
be one of the primary decisions producers make each season to meet their needs with respect to 
high yield, resistance to abiotic disorders (e.g., hollow heart), good internal qualities such as 
soluble solids, and wholesale buyer acceptance. Buyer acceptance is important as wholesale 
buyers can have different requirements as compared to buyers at farmers markets. The objective 
of the experiment was to evaluate 11 triploid watermelon varieties grown under Midwestern 
United States growing conditions at the University of Kentucky Horticulture Research Farm in 
Lexington, Ky. 
Materials and Methods 
The experiment was established April 21, 2014, when seeds of 11 triploid watermelon varieties 
were sown in 50-cell black seedling flats (Landmark Plastic, Akron, OH). Jiffy-Mix Grower’s 
Choice Plus (Jiffy Products of America, Lorain, Ohio) was the seedling media used. On May 27, 
2014, all varieties were transplanted in the field using Accomplice (Harris Moran) as the 
pollenizer variety. This is a nonharvestable pollenizer with a bushy growth habit. The experiment 
was a randomized complete block design with three replications. Experimental plots were 40 ft. 
in length. Rows were spaced on 8-ft. centers with 4-ft. in-row spacing. Preplant fertilizer 
application consisted of 130 lbs. of urea (46-0-0) and 100 lbs. of sulfate of potash (0-0-50) per 
acre. Raised beds were formed and covered in black plastic mulch (4 ft x 1 mil, Filmtech Plastics 
of the Sigma Plastics Group, Lyndhurst, NJ). Simultaneously, drip tape (8-in emitter spacing, 30 
gph/100 ft, Aqua Traxx, The Toro Company, Bloomington, MN) was installed under the plastic 
to allow for irrigation during the season as needed. Fertigation applications at 10 lbs. N per acre 
were made alternating calcium nitrate and potassium nitrate weekly from June 4 to August 14. 
There were 10 plants per plot in addition to five pollenizers per plot. Pollenizers were 
interplanted between every pair of triploid watermelon plants within the row.  
Vines were turned back onto the plastic weekly from June 9 to June 30 to keep varieties 
separated and to also allow for cultivation of row middles for weed management. Weeds on 
shoulders of the beds were weeded by hand and with the use of scuffle hoe. The MELCAST 
disease forecasting system was utilized to determine the timing of preventative fungicide sprays 
(Egel, 2014). In some seasons that can result in a reduction of two or three fungicide applications 
(Egel and Latin, 2012). Fungicide selection and proper rotation of modes of action was done per 
the recommendations in ID-36 Vegetable Production Guide for Commercial Growers (Bessin, et 
al., 2014). Scouting was conducted on a weekly basis for arthropod pests. Insecticide or miticide 
applications were made when identified as necessary based on the scouting report. Fruit was 
harvested five times from July 31-August 27, weighing each fruit individually. Nine randomly 
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chosen fruit from each variety (three from each replication) were evaluated for internal quality 
including percent soluble solids, size, and firmness. Yield data were analyzed by general linear 
model and means were separated by Fisher’s least significant difference test using SAS statistical 
programs (SAS Institute, Cary, NC.)  
Results and Discussion 
Yields in 2014 were higher compared to the previous season, ranging from 43,271-85,240 
lbs/acre, as compared to 28,400-45,300 lbs/acre last season (Table 1) (Saha and Sutterer, 2013). 
Potential reasons for this increase could be due to site differences, as in 2014 the trial was 
conducted in Lexington, KY as opposed to Vincennes, IN in previous years. However, it is more 
likely due to the fact that only four harvests were collected in 2013 as opposed to five in 2014. 
Average fruit weight ranged from 15.3-20.1 pounds amongst the varieties (Table 2).  
ORS12166 had higher total yield (627 lbs/plot) compared to nine of the 10 other varieties (Table 
1). The exception was Exclamation (564 lbs/plot) (Table 1). However ORS12166 had lower 
soluble solids (10.2% Brix) relative to the majority of the other varieties (Table 3). Harvest 
Moon had significantly higher soluble solids (12.2 % Brix) than all other varieties and total yield 
was only less than one other variety in the trial (514 lbs/plot) (Tables 1 and 3). This is a unique 
variety that might not be suited for wholesale, but might have more potential at a farmers market 
or farm stand. Harvest Moon is a seedless version of an old variety known as Moon and Stars. 
Maxima also had reasonably good combination of yield (521 lbs/plot) and soluble solids (11% 
Brix) (Tables 1 and 3). Harvest Moon did have a low fruit firmness (1.9 lbs-force) compared to 
all but one other variety (Table 3). Varieties with higher firmness included Premont, Maxima, 
ORS12166, and Exclamation at 3.9, 3.7, 3.6, and 3.5 lbs-force, respectively (Table 3). Wholesale 
markets typically do not prefer watermelons with extremely low fruit firmness from a consumer 
perspective but also for fresh cut possibilities with respect to shelf life. 
Harvest Moon had the greatest number of 60-count bins per acre (23) relative to all other 
varieties (Table 4). Harvest Moon also had the numerically greatest number of 45-count bins 
(35) and was statistically greater than eight of 10 other varieties (Table 4). Unbridled and 
SWT7829 also had relatively high number of 45-count bins per acre (Table 4). There were no 
significant differences amongst any of the varieties for the total number of 36-count bins 
harvested per acre. Exclamation and Maxima produced a greater amount of 36-count bins per 
acre relative to most other varieties in the trial (Table 4). Although it can vary from year to year, 
the current trend seems to be that 45-count and 60-count are the desirable sizes.  
This season ended like the last, which consisted of significant periods of cool and wet weather, 
which were ideal for certain soilborne diseases. Disease incidence was low, however, both 
fusarium crown rot (Fusarium solani f.sp. cucurbitae) and pythium cottony leak (Pythium spp.) 
were identified. The cool temperatures also seemed to have an adverse impact on the maturity of 
the watermelons.  
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Table 2. Triploid watermelon varieties by average fruit weight, 2014. 
Variety Mean Weight (lbs) 









Harvest Moon 20.1 a1 29.4	   46.6 22.8 0.9	  
Exclamation 20.1 a 6.1	   27.5 27.5 39.3	  
Maxima 19.4 ab 2.3	   33.8 23.1 40.8	  
SWT7829 18.9 bc 20.0	   55.2 24.8 0.0	  
ORS12166 18.4 bcd 9.7	   30.3 37.1 22.6	  
Premont 18.1 cd 11.4	   33.4 43.4 10.3	  
Captivation 17.6 de 3.6	   30.4 36.0 28.4	  
USAWX90020 16.9 e 17.9	   42.6 29.5 10.0	  
Cut Above 15.6 f 23.0	   53.5 21.7 2.8	  
Fascination 15.5 f 4.0	   33.9 37.9 23.8	  
Unbridled 15.3 f 7.5	   49.8 27.3 13.5	  
1Means within columns separated by Fisher’s least significant difference test (P< 0.05), means with same letter are 
not significantly different. 
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